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Appendix IIA. Accuracy Assessment of FACT PL3D
Compared to SUDS Experimental Data (U)

SUDS 1 (V)
Environment (U)

(C) All envirommental umeasurements come
from station 1 of the SUDS I measure-
ments. Three sound speed profiles, given
in Figures IIAl-ITA3, represent average
conditions during three measurement per-
iods. These sound speed profiles, 1in
accordance with Martin (198l), will be
referred to as profiles A, E, and B.
Profile A has a surface duct to a depth
of 68 m overlying a sound channel with
axlis at 900 m. Profile E is an average
profile with a 20 m surface duct, a sub-
surface channel with axis at 200 m and a
deep sound channel with axis at 900 m.
Profile B has a surface duct to a depth
of 79 m and a deep sound channel with
axis at 900 m.

(C) The source used pulsed energy, and
bottom bounce arrivals were temporally
filtered out. The effective bottom loss
for model input should therefore be dB
(actually, a bottom loss of 50 dB was
entered for all grazing angles).

Test Cases (U)

(C) The 12 test cases selected from SUDS
I experimental data for use in model
evaluation are as follows:

CASE SOURCE RECEIVER FREQUENCY

DEPTH DEPTH (kHz)
(m) (m)
I 45 1 0.4
II 45 112 0.4
IIT 42 43 1.0
IV 42 112 1.0
vV 41 6 1.5
VI 41 59 1.5
VIT 41 6 2.5
VIII 41 59 2.5
IX 45 17 3.5
X 45 112 3.5
XI 42 17 5.0
XIT 42 112 5.0
CONFID

In this table, Rpin 18 the minimum
range at which data is found, Ry, 1s
the maximum range and SSP denotes sound
speed profile.

(U) Both source and recelver are in the
surface duct for cases I, III, IX, and
XI. Source and receiver are across the
duct from one another 1in cases II, IV,
V, VII, X, and XII. Both source and re-
ceiver are below the duct for cases VI
and VIII. The experimental data for the
twelve test cases are plotted in figures
ITA-4 through IIA-15.

Accuracy Assessment Results (U)

(U) The accuracy assessment procedures
were followed as outlined in section 1.1
and described in detail in section 5 of
Volume I of this series. The following
figures are given for each case: (1)
FACT PLID output using the semicohereat
option and (2) the FACT PL9D semi-
coherent result subtracted from the SUDS
data. These are presented in pairs as
Figures IIA16-IIA39. The coherent FACT
PLI9D plots are given in Figures IIA40-
IIA51 and incoherent results in Figures
IXA52-1IA63. As the reader can verify,
the three phase addition options led to
esgsentially the same result. Difference
curves and their assocliated statistics
are not presented for incoherent and

Rpin Rpax NO. OF SSP WIND
(km) (km) POINTS SPEED
{kn)
.0 24.5 925 A 11
.0 17.4 625 A i1
.0 24.4 959 A 11
.0 24.8 818 A il
4 24.6 796 E 4
4 24.8 811 E 4
A 24.8 868 E 4
A 24.8 866 E 4
.1 35.3 1311 B 6
1 35.8 918 B 6
.1 35.5 1421 B 6
1 33.8 959 B 6
NTIAL
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coherent model results; they were cal-
culated and found to be essentially
identical to the semicohorent results.
For the same reason, the figure of merit
analysis was applied to only the FACT
PL9D semicoherent output. The means and
standard deviations of the differences
between the SUDS data and the FACT PL9ID
semicoherent output are given in Table
IIAl.

(C) For Cases I and II (400 Hz) the SUDS
data shows the cross layer Case II to
sustain 15 dB greater loss than the in-
layer Case I. The corresponding figure
for FACT results was 5 dB. The proplem
seems to rest primarily with Case I as
is evident from the pertinent values of
means and standard deviations. The dif-
ference curve for Case I shows a 5-10 dB
negative offset (which, as we shall see
below, translates into pessimistic range
predictions) to a range of 10 km. From
16 km onward the trend is toward posi-
tive difference with the curve crossing
zero at 18 km. For Case II, the differ-
ence curve shows no dominant trend. At 1
kHz, Case III is an in-layer case and
Case IV has cross—layer geometry. To a
range of 7 km the difference between the
SUDS data for the two cases 1s 10 dB;
beyond that the difference Jncreases to
20 dB, the cross-layer case, of course,
exhibiting the greater loss. The model
results show a difference of 5 dB at
short ranges, 1increasing steadily to 15
dB at 25 km. The difference curves
reveal basically the same behavior for
both cases to a range of 7 km. Beyond
that, Case III shows a generally nega-
tive bias and Case IV a positive bilas
with a negative trend. For Case III,
differences are largely due to the
modelfs lack of an interference struc-
ture found in the experimental results.
At 1.5 kHz, Case V 18 a cross-layer case
and Case VI 1s a below-layer case. The
experimental data are roughly similar to

the experimental data have significant
interference patterns and the model does
not. The differences are primarily due
to this factor in Cases VII and VIII, at
2.5 kHz, Case VII has a cross—layer and
Case VIII a below-layer source/receiver
geometry. The below~layer curve has an
ever~widening difference from the 1in-
layer curve to about 20 dB at 24 km for
the SUDS data and both curves show a
substantial interference pattern. In
case VIII, the experimental data shows a
decrease in loss from 14 to 24 km. The
model shows a monotonic increase over
the full range extent. For these cases
there appears to be no correspondence
between experimental findings and model
predictions. This finding ‘'.olds a

S
o

I

o
A

2

fortiori for 1in-layer Case IX at 3.5 .

kHz. The cross-layer Case X at 3.5 kHz
shows good corres: ondence between model
and SUDS data between 3 and 10 km. In
this case the SUDS data show no inter-
ference pattern but are characterized by
+ 5 dB fluctuations (except where
clipped at 95 dB). The model results
show no fluctuations. The 5 kHz Cases XI
and XII are present in-layer and cross-
layer source/receiver geometries, re—
spectively. In both cases, a strong
trend in the difference curve shows a
basically different falloff range be~
tween SUDS data and FACT output. FACT
fails to capture the interference pat-
tern of Case XI or the fluctuations of
Case XII (similar to Cases IX and X).

(C) Now, let us turn to the Figure of
Merit (FOM) analysis. FOM versus detec-
tion range is tabulated for SUDS data
and FACT semicoherent results at 5 dB
increments for the twelve cases in
Tables IIA2-IIA13. For Case I, the model
predicts pessimistic detection range
coverage compared to SUDS data for FOMs
<85 dB; for FOMs between 85 and 95 dB
agreement between FACT output and SUDS
data is close. For Case II, results are

oot Late S AT LRE R4 % A0 a PRTAL S ERSL P rILITIE A P IR SN AN AR A o4 U N I A N R e~ e R T S T T R S '-‘_'.P_'.‘_'.‘l

s

a range of 12 km. From that point on, a in basic agreement between FACT and :?j
difference of approximately 10 dB {is SUDS. This is not surprising uvpon noting

found with the below-layer loss greater. the relatively small mean and standard ¥

The model results show a monotonically deviation of differences for this case. m

growing difference which eventually For Cage I1I, FACT is consistently pes- =

reaches 10 dB at 25 km. In both cases simistic in detection range estimates. .
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i Case IV shows basic agreement in detec-
| tion range between model results and
! experimental data. In Case V, agreement
| is found for FOMs less than 80 dB. Past
i, 80 dB the SUDS data show increasingly
\EE greater coverage that is zonal as com-
G pared to FACT which has no interference
structure and therefore no zonal cover-

ol age. This same result is obtained for
§ Case VI where the disagreements are
found for FOMs equal to or greater than
90 dB. In Case VII there is no corre-
spondence between SUDS data and FACT
output. For FOMs less than 80 dB FACT is
optimistic, and at past 80 dB SUDS data
are zonal in detection coverage due to
interference patterns and overall, FACT
is pessimistic at these FOMs. The 1ini-
tially lower 1loss values for FACT in
Case VIII result in optimistic detection
range predictions for FOMs up to and in-
cluding 95 dB. For FOMs > 100 dB, model
’ output and experimental data are in
| basic agreement (somewhat fortuitous,
F however, considering FACT's lack of in-
terference pattern as compared to SUDS
data). Cases IX and X exhibit no corre-
spondence between model and experiment,
FACT being counsistently pessimistic (by
factors as great as 6 for Case IX and 2
for Case X). In Case XI the range errors
increase with increasing FOM and inter-
ference patterns 1in SUDS data result in
zonal detection coverage. FACT predicts
short ranges compared to SUDS data. For
Case XII basic agreement 1is found
through FOM = 70 dB; for FOMs from 75-95
dB FACT prediccts optimistic ranges; for

-~
s

.’“j

FOM 100 dB, FACT predicts pessimistic
- detection ranges.
|

(C) From the above, the following gener-
e al conclusions may be reached: (1)
Eé Regardless of source/receiver geometry

with respect to the surface duct, agree-
men: 1s generally lacking between FACT
, PLI9D results and SUDS data. (2) This is
/ particularly notable in FACT's inability
to reproduce either fluctuations or in-

; terference patterns observed in the SUDS
E data. (3) The  basically identicsl
results for FACT regardless of coherence

option chosen 1indicates a need for
aspect of the

closely examining this

-
5%

A-3

3 |

L RS it A e

model. (4) It would appear that FACT re-
quires a new surface duct module which
includes leakage and rough surface
effects.
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(U) Table I1A-1. Means (M) and Standard Deviations (0) of

Diffcrences Obtained by Subtracting Fact PLID Semicoherent q
Outputs From Suds I Experimental Data (in dB) o
5
Case u g R

oy

I -5.9 6.0 ':“A

I1 1.2 2.7
1 1.8 3.0 K
v 6.1 4.8 §
V -2°5 7-3 ) '3
VI -0.2 5.2 a !
VII 5.8 11.8

VIII 9.3 8.5 M
IX -17.6 7.6 i
X -8.1 6.2 ! |

X1 -5.6 8.7 o

. ;1

XII 3.4 9.2 =
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(C) Table IIA-2

Detection Range (km) as a Function of Figure
of Merit (dB) for SUDS I Data and FACT PL9D Model Results.

Case I:

(Station 1, Run 3, Source Depth = 45 m Receiver Depth = 17 m,
Frequency = 400 Hz

DATA SET Fom | R RANGE > R_
SUDS 80 -

FACT PLSD 60 0.5

SUDS 65 9.0

FACT PL9D 65 2.0

SUDS 70 12.0

FACT PL9D 70 4.5

SUDS 75 15.5

FACT PLSD 75 8.0

SUDS 80 17.0

FACT PLSD 80 13.0

SUDS 85 18.5

FACT PL9D 85 18.0

SUDS 90 19.5

FACT PLSD 90 23.0

SUDS 95 20.5 | zbpc? 70%, 20.5-24 km
FACT PLSD o5 | >24.0

1. R_ = Range to which detection coverage is continuous.

C

2. ZIDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.
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: (C) Table IIA-3. Detection Range (km) as a Function of Figure

R of Merit (dB) for SUDS I Data and FACT PL9D Model Desults.
Case II:

(Station 1, Run 3, Source Depth = 45 m, Receiver Depth = 112 m,

Frequency = 400 Hz)

DATA SET rom| Rr.!

c Range > Rc
3 SUDS 70 - H
o
R FACT PL9D 70 2.5 g
SUDS 75 - zDc? 908, 1.5-6.5 km
" w
=§ FACT PLD 75 4.5

b0 SUDS 80 7.0

N H

i 4

_ FACT PL9D . 80 7.0 |

I 1

gw SUDS 85 7.5 | zDC 15%, 7.5-13 km g

s

oy FACT PLSD 85 | 11.5

SUDS 90 | 10.5 | ZDC 708, 10.5-14.5 km i

FACT PLOD 90 16.0

A i

Caeh SUDS 95 16.5 R

.ci;:l{ i
FACT PL9D 25 >16.5

RRe

;% 1. Rc = Range to which detection coverage is continuous.

RE3

F"n-".e 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval

over which detection is possible.
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(C) Table IIA-4. Detection Range (km) as a Function of Figure &

! of Merit (dB) for SUDS I Data and FACT PLSD Model Results. ]
Case III: X

(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 43 m, .

Frequency = 1 kHz)
' DATA SET rom| R ' RANGE > R_ g
SUDS 60 - zDc? 75%, 2-3 km ‘
E FACT PLYD 60 1.5
SUDS 65 3.5 ZDC 15%, 3.5-5.5 km
. FACT PL9D 65 3.0
ﬁ SUDS 70 6.0 ZDC 50%, 7.5-13.5 km
FACT PLYD 70 7.0
E SUDS 75 7.0 }(5)0}% n::overage, 7.5-17.5 with one dropout at
FACT PLYD 75 11.5
l SUDS 80 21.5 ZDC 60%, 21.5-24.5 km
g FACT PL9D 80 | >24.5

1. R c = Range to which detection coverage is continuous.

2. ZIDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.

CONFIDENTIAL

A-7

R

CONFIDENTIAL

B e L e A T s N A A e A N A
LA ¥ L A Ve E B\u‘ 'y L“Iﬂ‘,l_‘ Q'-‘_\Q\'. n‘l!{‘.\'. WMvsy }};\ l, ' KR




b i decinn A R BRI RARAR SR D 8 (A P A R I I NSRS R 1 B SRS R YU BRIV VR AR ML) |

CONFIDENTIAL =
|
ﬁ
(C) Table IIA-5. Detection Range (km) as a Function of Figure )
of Merit (dB) for SUDS I Data and FACT PLSD Model Results. !
Case 1V: 5
(Station 1, Run 4, Source Depth = 42 m, Receiver Depth = 112 m, )
Frequency = 1 kHz) -
) 5
DATA SET FOM R, Range > Rc,
SUDS 70 - zDC? 15%, 2-3.5 km . o
FACT PL9D 70 2.5 E}
SUDS 75 2.5 | ZDC 90%, 2.5-5 km .
FACT PLSD 75 4.5 ‘“j‘ |
[
SUDS 80 5.8 ZDC 80%, 5.5-6.5 km ;
FACT PLSD 80 7.0 i
|
SUDS 85 7.0 ‘
»
FACT PL9D 85 11.0 3
SUDS 90 7.0 ZDC 5%, 7-15 km é |
FACT PL9D 90 16.0
SUDS 95 8.0 | ZDC 408, 8-16.5 km 5
e
FACT PL9D 95 20.0
ZDC 80%, 8.5-16.5 km; ZDC 50%, 16.5-18.5
SUDS 100 8.5 km; ZDC 20%, 18.5-24.5 km Ty
FACT PL9D 100 >24.5 E 1
1. R, = Range to which detection coverage is continuous. o
b4
2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval ae

ove:r which detection is possible.

CONFIDENTIAL

A-8

CONFIDENTIAL =.'=

i
|
i
|
|
|
i
1
1
|

O N e A o N A S AT 2 PR A T o N B i



A TR R PR T T T T T U T T TN TR TR TR AT A T E R TR TR AN TR TR T R T TN R AA TS R T AT AT AT UT R TR FARA ALY

N

§ CONFIDENTIAL !
§ :
L ::'

(C) Table IIA-6. Detection Range (km) as a Function of Figure K

g of Merit (dB) for SUDS I Data and FACT PL9D Model Results. A
Case V: X

(Station 1, Run 1, Source Depth = 41 m, Receiver Depth = 6 m, IS

g Frequency = 1.5 kHz) .
.‘ .\;

1

DATA SET FOM R Range > Rc

3
(2]

SUDS 60 - ZDC? 508, 0.5-2.0 km
FACT PL9D 60 1.0

==
F | WENGIPRY 1%

[, SUDS 65 - 100% coverage, 0.5-2.5 km :

- ,N

j FACT PLYD 65 2.5 1;1

g SUDS 70 - 100% coverage, 0.5-4 km 3
FACT PL9D 70 4.5

E} SUDS 75 - 100% coverage, 0.5-5 km; ZDC 50%, 5-6 km R
FACT PL9D 75 7.5 ﬂ

l SUDS 80 - 100% coverage, 0.5-8 km and 19.5-22 km g
FACT PL9SD 80 10.5 X

ﬁ ZDC 35%, 9-11.5 km; ZDC 90%, 11.5-18 km;
SUDS 85 9.0 100% coverage, 19-22.5 km

E FACT PL9D 85 | 14.0

. 100% coverage, 9.5-11, 11.5-18, 18.5-23;
SUDS 90 9.0 ZDC 50%, 23-24.5 km

e

i FACT PL9D 90 | 17.5

1. Rc = Range to which detection coverage is continuous.

2. ZIDC = Zonal Detection Coverage in percentage of the indicated range intervul

@ over which detection is possible.
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(C) Table IIA-7. Detection Range (km) as a Function of Figure
of Merit (dB) for SUDS I Dats and FACT PLS9D Model Results.
Case VI:

(Station 1, Run 1, Source Depth = 41 m, Receiver Depth = 59 m,
Frequency = 1.5 kHz)

ZEl MR

DATA SET rom | B! RANGE >R,
SUDS 60 - znpc? 308, 0.5-2 xm a
FACT PL9D 60 1.0 ]
SUDS 65 - ZDC 50%, 0.5-3 km
FACT PL9D 65 2.0 §
SUDS 70 - ZDC 70%, 0.5-3.5 km
FACT PL9D 70 3.5 ﬁ
SUDS 75 - ZDC 85%, 0.5-3.5 km a
FACT PL9D 75 3.5
SUDS 80 5.0 | 100% coverage, 7-7.5 km !
FACT PLYD 80 7.0 .
SUDS 85 5.0 100% ~overage, 6.5-8 km :]
FACT PLID 85 7.5 g
ZDC 85%, 5-11 km; ZDC 85%, 11.5-12.5 km; .
SUDS 90 50 | 2ZDC 30%, 14-16.5 km 3
FACT PL9D 90 10.5 g
SUDS 95 11.0 | 2ZDC 85%, 11-18 km; ZDC 85%, 20-22 km |
FACT PLD 95 14.5 ﬂ
ZDC 95%, 11.5-18 km; ZDC 10%, 18-20.5 km; ;
SUDS 160 11.5 | ZDC 90%, 20-22.5 km; ZDC 20%, 22.5-25 km g
FACT PLD 100 19.0 |

1. R e = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.

CONFIDENTIAL

‘Y

CONFIDENTIAL :

PPt ANt T T T NI IS "\ <- ‘n.'.- ‘.‘-
1&":&\;‘&’.&\.‘;:\1&\\.“:1{' A3 SCXR SRS OB ) J




rmwmmmﬁwxvnmt T, W W W W T VR VRS R T O T VR AT AT SV R U I AT TR TR LT TR LS LR

= B

| ¢ 2

i
|
!

-
Lad

CONFIDENTIAL

i

I o) _...-".

. e

. o l‘ l.
Ll Calal

~a s "

LN}
.

K5
NS

-

(C) Table IIA-8 Detection Range (km) as a Function of Figure
of Merit (dB) for SUDS I Data and FACT PL9D Model Resulis.
Case VII:

(Station 1, Run 2, Source Depth = 41 m, Receiver Depth = 6 m,
Frequency = 2.5 kHz)

5T
L

oy 1" oy
<
LI A

1. R_ = Range to which detection coverage is continuous.

, 2
DATA SET FOM Rc RANGE > Rc ol
e
s
SUDS 65 - zpc? 108, 0-1 km 3
n-'-_i
FACT PL9D 65 2.5 o
SUDS 70 - ZDC 60%, 0-1 km E?
fo
FACT PL9D 70 4.5 ‘;‘*‘q
r:
SUDS 75 - ZDC 50%, 0-2 km re
FACT PLSD 75 7.0 in
KHA
SUDS 80 - ZDC 70%, 0-4 km; 100% coverage 21-22 km ?;““
l"'.
FACT PL9D 80 10.0 <
ZDC 95%, 1-4 km; 100% coverage, 17.5-18.5
SUDS 85 1.0 and 20-23 km
FACT PL9D 85 13.5
SUDS 90 4.0 ZDC 10%, 4-11 km; ZDC 90%, 15.5-23.5 km
FACT PLY9D 90 17.0
SUDS 95 6.0 ZDC 80%, 6-17 km; ZDC 90%, 17-24 km
FACT PL9D 95 | 20.5 o
23
."-
c 3
5
2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval f-‘
over which detection is possible. oy
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(C) Table IIA-9. Detection Range (km) as a Function of \‘::
Figure of Merit (dB) for SUDS I Data and
FACT PL9D Model Results.
CASE VIII: g

(Station 1, Run 2, Source Depth = 41 m, Receiver Depth = 59 m,
F-2quency = 2.5 kHz)

: . :

DATA SET FoM | R, Range >R

™
SUDS 79 - zDC? 15%, 0-1 km &
FACT PL9D 70 3.5 g
SUDS 75 - ZDC 20%, 0-1 km '
FACT PLYD 75 3.5 F\
SUDS 80 - ZDC 5%, 0-2 km ~
FACT PLSD 80 6.0 ﬁ
SUDS 85 - ZDC 60%, 0-3 km
FACT PL9D 85 7.5 §
SuDS 90 - ZDC 80%, 0-4 km
FACT PLD 90 10.5 !

ZDC 50%, 4-5 km;
sSuDs 95 4.0 1 km coverage at 8 and 22 km

b |

FACT PLSD 95 14.5 .
2DC 60%, 5.0-8.5 km; ZDC 50%, 11-18 km;
SUDS 100 5.0 ZDC 30%, 20.5-25 km

(o |

FACT PL9D 100 18.0
ZDC 90%, 5-8.5 km; ZDC 20%, 8.5-11 km;
SUDS 105 6.0 ZDC 90%, 11-18.5 km; ZDC 75%, 20-23.5 km

| &2 2]

FACT PL9D 105 21.5

ZDC 95%, 6-18.5 km; ZDC 50%, 18.5-20 km;
SUDS 110 €.0 ZDC 95%, 20-24 km g
FACT PL9D 110 24.5 "
SUDS 115 19.0 ZDC 90%, 19-24.5 km g
FACT PL9D 115 ©>24.5

1, Rc = Range to which detection coverage is continuous.

2. ZDC = Zor a Detection Coverage in percentage of the indicated range ii:terval
" over whica detection is possible.
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(C) Table IIA-10.

Detection Range (km) as a Function of
Figure of Merit (dB) for SUDS I Data and

FACT PL9D Model Results.
CASE IX:

(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 17 m,

Frequency = 3.5 Hz)

1
: @ DATA SET FOM R," Range > R
| SUDS 60 - ZDC? 60% 0-4 km; ZDC 15%, 4-8 km
| @ FACT PL9D 60 1.0
@ SUDS 65 - ZDC 90%, 0-8.5 km; ZDC 50%, 11-12.5 km
FACT PL9D 65 2.0
FACT PL9D 70 3.0
S ZDC 50%, 9-10 km; ZDC 90%, 10-13 km;
g SUDS "5 9.0 ZDC 80%, 13-20 km
FACT PL9D 75 5.5
‘ ! ZDC 90%, 9-21 km; ZDC 30%, 21-23.5 km;
SUDS 80 9.0 100% coverage, 23.5-27.5 km
@ FACT PL9D 80 8.0
‘ SUDS 85 9.0 ZDC 90%, 9-32 km
@ FACT PLYD 85 12.0
SUDS 90 23.0 ZDC 90%, 23-32 km; ZDC 10%, 32-36 km
ﬁ FACT PL9D 90 15.0
@ SUDS 95 23.0 ZDC 95%, 23-32.5 km; ZDC 50%, 32.5-36 km
' FACT PL9D 95 19.0

i

1. R, = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.
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(C) Table IIA-11.

B Te TS TMETANEY oW T LWL WL T, WLW 0BRSS WO W W TR

Detection Range (km) as a Function of
Figure of Merit (dB) for SUDS I Data and
FACT PL9D Model Results.
CASE X:
(Station 1, Run 5, Source Depth = 45 m, Receiver Depth = 112 m,

Frequency = 3.5 kHz)

DATA SET FoM | R} Range > R
SUDS 60 - ZDC2 408, 0-2.5 km
FACT PL9D 60 0.5
SUDS 65 ) ZDC 80%, 0-3 km
FACT PLSD 65 1.5
SUDS 70 - ZDC 98%, 0-2.5 km; ZDC 15%, 2.5-4 km
FACT PLSD 70 3.0
SUDS 75 2.5 ZDC 30%, 2.5-6 km
FACT PLYD 75 4.5
SUDS 80 2.5 ZDC 60%, 4-6.5 km; ZDC 15%, 6.5-9 km
FACT PLSD 80 6.5
ZDC 85%, 4-6.5 km; ZDC 30%, 6.5-
SUDS 85 4.0 10.5 km .
FACT PLYD 85 9.0
ZDC 60%, 7-12.5 km; ZDC ?%, 12.5-17 km
SUDS 90 7.0 (data clipped at 95 dB)
FACT PLSD 90 10.0
ZDC 90%, 10.5-12.5 km; ZDC = ?, 12.5-21 km
SUDS 9% 10.5 (data clipped in this interval); ZDC 10%,
21-25 km
FACT PLSD 95 12.0

1. Rc = Range to which detection coverage is continuous.

2, ZDC - Zonal Detection Coverage in percentage of the indicated range over
which detection is possible.
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(C) Table 1IA-12, Detection Range (km) as a Function of
Figure of Merit (dB) for SUDS I Data and

5 FACT PL9D Model Results.
CASE XI:
(Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 17 m,
@ Frequency = 5 kHz)
@ DATA SET rom | R Range >R _
SUDS 70 - zpc? 50%, 0-2 km
@ FACT PLSD 70 2.5
) ZDC 60%, 0-2 km; ZDC 15%, 2.4 km;
SUDS 75 ZDC 60%, 5.5-6.5 km
@ FACT PL9D 75 5.0
ﬁi SUDS 80 1.5 ZDC 80%, 1.5-5 km; ZDC 60%,5-8.5 km
FACT PL9D 80 7.0
~ ZLT 90%, 1.5-7 km; ZDC 70%, 7-13.5 km;
ﬁ SUDS 85 1.5 | ZDC 15%, 13.5-19 km
FACT PL9D 85 9.5
s SUDS 90 4.5 ZDC 856, 4.5-13 km; ZDC 50%, 13-19 km
g FACT PL9D 90 12.5
: SUDS 95 5.0 ZDC 90%, 5-19 km; ZDC 10%, 19-27 km
@ FACT PLOD 95 15.5
ZDC 95%, 10.5-19.5 km; ZDC 60%, 19.5-
SUDS 100 10.5 27.5 km; ZDC 15%, 27.5-32 km
FACT PL9D 100 19.0
SUDS 105 19.5 ZDC 90%, 19.5-32 km
@ FACT PL9D 105 21.5
ﬁ SUDS 110 23.0 ZDC 95%, 23-32 km; ZDC 10%, 32-35.5 km
FACT PL9D 110 24.5
&3 1. Rc = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
over which detection is possible.
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(C) Table IIA-13. Detection Range (km) as a Function of
Figure of Merit (dB) for SUDS I Data and
FACT PL9D Model Results.
CASE XII:

\!<
(Station 1, Run 6, Source Depth = 42 m, Receiver Depth = 112 m, )
Frequency = 5 kHz) =
DATA SET FOM | R! Range > R
( c puy
3
SUDS 65 0.5 -
FACT PLSD 65 1.5 RV
SUDS 70 0.5 | zpc? 508, 0.5-1.5 km
FACT PL9D 70 2.5 by
@
SUDS 75 2.5 ZDC 50%, 0.5-2.0 km !
FACT PL9D 75 4.5 i
SUDS 80 1.0 | zDC 50%,1-2 km; ZDC 15%, 2-3.5 km |
FACT PL9D 80 6.0 ﬁ}
SUDS 85 1.0 ZDC 90%, 1-3 km; ZDC 30%, 3-4 km f
|
FACT PL9D 85 8.0 !?
SUDS 90 2.5 | ZDC 30%, 2.5-5.5 km' ?
Vi
FACT PL9D 90 9.5 ;
SUDS 95 3.5 | 2DC 30%, 3.5-7.0 km a%
FACT PLOD 95 10.5 3
ZDC 7%, 4-14 km
SUDS 100 4.0 (data is clipped at high loss end) g
FACT PL9D 100 12.5
ZDC 7%, 5-16.5 km )
SUDS 105 5.0 (data is clipped at high loss end) Q
FACT PL9D 105 15.0 |
ZDC 7%, 7-25 km E
SUDS 110 7.0 (data is clipped at high loss end) ‘
FACT PL9D 110 18.5 3
e,
1. R e = Range to which detection coverage is continuous.
2. ZDC = Zonel Detection Coverage in percentage of the indicated range interval B
over which detection is possible. 5
CONFIDENTIAL ;::,
ot
A-16 a

CONFIDENTIAL ‘
g R R RN DS MDY AR I A DR

AL

FUPRW AP AL SR

“nv Tt
N u’P’,



CONFIDENTIAL

a1

V °mjoxd peadg punos SANS

TVr 4114«144- Ty LA RS BARLE B LELS Trvy ToerT Tirry
L ]
- 4
- §
1 1
| 4
- 4
s E
s b
- 4
s 4
| 4
L .
L 4
L 4
s i
L 4
- - -1
s 4
S 4
L 4
8 4
L 1
s 4
s 4
L 4
- -4
L 4
I 1
i 1
L 4
L i
s 4
o -
S ]
. 4
- -
L 4

FUTE FUSYE FEVR FRUWY 7 I ST FRUTE FUTTY FUUTY FYTeT

DE B T3

(S/H)

ALTJ073A

371 40dd 30vIHNS-HV3IN

s

GCy

jul=1=}

0GH

G0H

0se

00g

002

oGl

001

0s

o}

331 OhG1 0291 0251 01G1 0051 08H1 08H1 0Lh] 09k 0GHI

Ferms e W TS NS T 8RS IR S KM o " BT . " n s &

*1-VII @2an31y (1)

TVILNAdIINOD

H1d30

(W)

0% " #e2Sl
0673051
06865l
QL 16h1
99°98h1
LG hEhl
BE "£8h1
656G £8h1
6L GBI
hG L8k
6L°68hI
Gh 26hl
LE " 26hl
Bh 26HhI1
BE "£6H1
08°G6h1
12°006%1
G2 6061
LhG0S]
Lh 6061
9h° G061
hh G061
£h7G0G1
1h G0G1
6275051
ALID073A

0°000+%
0°000¢
0°00S2
00002
Q0° 0051
g'ogel
0° 0001
a'oo8
0°009
0005
0°00%
0°00g
0°'0%2
0°002
0° 061
0°G62l
0°001
0°GL
0°0%
0°GH
0°0g
0-0e
oLl
001
0°0
Hld i

«TRTRE L L LT e L

“TOlANEEN LT TaTeTeTe AW 4T A

AN A REEANARARRRASRERARARARASEARASE ARELE RRSSS AR M
- X L
- 4
I 4
1 1
- { p
/r )
b 4
> 1
- 1
" 1
- 4
b -
2227
o g
b 4
o r
L p
206!
- 4
- 4
o -
- -
b r
H E \x 1
- -4
- 4
- 1
0GGT 2hG1 USG] 08G1 01GE 0061 0B N8%1 Skl 03ki 09kl

(S/WY A113073A
A BRI i

371 4044

- & G

x|

ot

&4

A-17

CONFIDENTIAL

3

A
vl

N

«?

Ny

AROER L
..iﬁ;& 1!&;3’

Te

AT
PE AT

1A

v

S

'57
A}..

s riiany i -]

M,



T N &N 2 D WM B IR O OFD TR T T TA W

L%
o

AT

|*|aOnRan I)'l‘

)
o

33000,

5

g aqgoad peadg punog SANS °Z-VII aandig (N)

o

s
4

TVILNAALINOD

oYy

CONFIDENTIAL
%

A RARE LR LA A &Y B A4 d DR {°a A% Ria Ais AN Sla Rie Yty il N

\ARARSESARSARASESALAS MAREE RS AR RAASS RAAAS AARES nn: '.:. GARRESLSASARRAGAEAS RS -.:" «q: . -\4
, A ] b ; .n.u
. ] [ oo '
4 - N -
M .
] S T L A .
. [ P L
- — =—{t—1 - - 0es i “ i o
4 s | ! | [
H 4 | i I ! _ [ |
: ] I : v
F— - b - 0Gh —— — TNt ¢ ..h
i ‘ ] i i "
Y 1 ) s | : N
- — — -1=—1—+1 oon C © .
3 E L ﬁ ; —
M ¢ —lly e = —— rllllw - .,r -4 -
4 s | | <
F—— -4 0sf i _ ~
a [ i
[ w # q.M L Il I 4
' P 4 00g — - —_ ‘v.i . 4
p I
[ ]
[ ] 2 “

Y=rr—Y

002

041

001

L T laad - 2 bl T g iy fog b g 4 B DD I
=
¥
1
[
!
P 'Y
Q
n
Y]

CONFDENTIAL

T T YT T T

TN DU WS U U U G U U U S W

=_==ca::aacoacaonocc:noooo

- - - “ :
H |
e 1= s i

|
5 g ;
_ b <« | 1
YOS TUEREETUTE FUTTE SWL TS FRVEY FUPTE EVUTY EVRTE PUUT 0 ) Jlaasadaasslasasdasas .p\\ T ETTTY PUUTE SOV
156G uhgt 0551 0251 01S1 U0GE NBR® OBAT (LK1 GIRT 054 (-] BRI SIPRYE AT B R IO | 2ol
(S/id) AL12073A
3711 40dd 3UY3HNS-HYIN Ji




g 9myoad psedg punos sans

P 1M8d 30V 49

1iS-ay’iN

| AAMMARARAS RASASAARAS MARES A AASSASAS AARRS AARN T
! ! { ‘ ! .
| ‘ ]
! | 1.
' ||||_ e +-1 —1 - te— ]
i ; J
1 4
. p
w —— — 0nG
| i ]
t
' J
S S 1 e
_ M
. -_— - ...i._ Lk
| ]
4
IIA 25z
| 4
w e
|
t 60¢
' 4
, 9
- 1
_ ]
\ 4
i o - i S . I
| :
{ -4
ol ! ]
-"-" e — e e sl IR
\ ]
l 5 -
i p
--- ' 4
= j mEEEER
(7] | ]
X ’
T L
N FEVOTURITVIRTUUTY Y PO DU PURDY DTS PUUWS PP
,
n""“ A Hal gl el ey

13

(W

TVILNZAINOD

05" weSt
06° 2051
06 B6+I
GL 15h1
99°98+1
LS "Byl
6f "$8%-1
657 §8n]
[TA~ L
WG LN
Ge €unt
6572641
£G7 et
§L Bh]
Y9 L6hl
n2UGARI

1271061

‘000w
030g
10052
‘guse
0051
‘0021
600<
oG8 *
009

‘ons
"00n

*¢-VII aandty (N)

TTre

™

\aling

T

—rTTrT

Y

‘1"-‘ :

bomeee

,
e e
N

.
| ]
| |wi-| -..
- i { | ]
b
I o]
T ,.,..wl.lATu.J
s ‘ -4
- | -
S e
= -
... A I R T N
3 1
- E
[ ]
[ I SR w (- :
I ; ' I
5 _ ~ ~ 4
! EEa ]
e b b L i
N R R Y I TPLCPS RN AVS YT TR O (P Toaren e
[ il

nnng

(Y3

(19

RIS I

|
|
|

CONFIDENTIAL

A-19

e
W R

o,

X

.
LN

LGS N
'-J?]SF.\‘

L}

SN
W o

[ W,

4-

DN

LY

Y
LY

Q

-
L)

=
h .

[ R

aoaY
LAY

\

»
]
(A"

AN
“hala

.
3
.

R

SR

T "
»




5
d
&
|
&
3
3
by
]
B
¥
-]
3
=

‘-‘ .

o e AR RA AL T T AT PP R AR

TR T TR U N T TR U AW

CONFIDENTIAL

5
-\A
P
) ...‘M
SI9JOW LT = Y3da(Q I2A1300Y ‘SJIBIN SF - 2
= yjdeQ 3danog ‘ziIdyolry y°0 = Adusnbaij ‘w8 §ANS “F-VII 3andid (0) <
Ilk.\
TVILNAQIINOD _M R
&
(W) 3JONVY mv
W
cl 89 9 09 9sS 4] 214 (44 owov_ 2
X . v - = ; : —r o fﬁ
{ o€l O
o
02l o
¢
001 m
06 3 =
08 o
> &
o <
>
2e 82 ¥e 02 9l 2l 8 4 0 01 3 3
1oei :
r
0cli o
ot &
00“ h QQ— m
tes log @
08
. 1 02
s fl 09
{1 0S
o
Pt R e | TSN TRl RS




AEARL AR SRRSO | DRRAAEA ARLIIL | i REARI  XXLXXTH,  HER
A &
3 \ ‘_.HA
3 5
; . a e
’, sI919l ZIT = Yyrdog IoAro09Yy ‘SI919|W GP PTe e
:, = yideQ 20an0§ ‘z)IAYOMY 0 = Aouombaaj ‘ereq SANS "S-VII N3l (J) = R
w\. ...”.u
: TVILNAAIINOD :N._ »
> (W) JONVH m ]
-ﬁ. »p
A : o
3 08 3L ol 83 v 09 3S ¢S 8y vy A% 0b | nNu v
v ‘v 4
: f ] o1 O -z
.v1. ..--A
A . 1021 p
“s \I
. # 1011 <
" , 1001
3 T %
m - 4 Om nuw !
% 2 5
® <
L >
b 9¢ 2¢ 82 ¥2 02 91 21 8 4 0 o1 3
.m g 1 0€1 m
w - 1 021 W
w 1 1011l o
m | : {00
__, -
m ..AI [ 0e o
= f { 03
n :N._ I 1 0.

Q |

T {09
| W . 1 0s

© v




At |

I WA S O F P P W EA T P E A TR AP RIS ATATP O TR TR

-
-

W

IWUX WL W W

TIRETT LY

CONFIDENTIAL

Yl wr A BN CC I . BERSCCRE | R CA R 3 I - - R X R A

839)9 €7 = Yido( I9A1909Y ‘SIB}OW Z¥
= yadaq @oanog ‘ziadyoy 0°'I = Aousnbaig ‘ve@ SAAS 9-VII 2an3id (2)

TVILNAAIINOGD
(W) 3ONVY
08 9L 2. 89 v9 09 95 S 8y by 0¥
3
L
f 4
i 1
: ]
Oy __9¢ 2 82 bz 02 9l 2l 8 b 0
ﬁ
b 4

ov i
0ei
0cl
otl
oni
06
08

(1]
0€1
0cl
ol1

1
{

)
i)
Cat

A

SSO7T NOIlvovdodd
A-22

(gd)

|
:1-*1

gL

CONFIDENTIAL
R

N
4

-

N2 RENNO

AR P

~ L%

XA

A

Talalsia

-

RYA N

estis

Sh

ALY



_|\.. € & N NEN Y T.vea « & MESNE ¥ N I V) 5 SBEEETsV W TP AT WYY, WS TN W NN TR L e kA ag— o o an i ar M eV g - e Sl e L P aR e el o el el ] et uky o af o L7 SN B h\\l.n-“
T\. \...”.,
SI919 ZIT = yldoQ JI9A1909Y ‘SI9IN TP - .,.
’ = yjdo soanog ‘zjroyoy (°1 = Aduenbeaj ‘eyea SANS “L-VII an3id (J) < ....h
’ -
TVILNAAIANOD Z
. (WX) 3J9NVY B
g 08 9. 2l 89 v9 09 9S 2S 14 b o TN
2 r v v v r r ' r v ov i >
’ B/
! ] Qo 4
: I 0el o m
v ! 1021 k7
, . 1011 e
3 i {001 .m
. s
w : 106 ..um R
m 08 9 b
3 V ».a
m W % -».h.
”‘ 1] 4 9e (4> 82 e 02 9l Al 8 4 0 op 1 % DR
. foe1 S :
;

J o
w ! 021 o
5 | . . fo1rr @
_-. LS .®®
: i R S+ . 1001 5
: | . 1ee 2
b
* L . ‘ [ d
; |
m < i 08
. 5 f W o
: LU I )
. O 09
: e ! { 0s
i Z
: ®) oY
O
¢
i




PR

R N T AR CEECWR TR TR T W W T et EN W WS ST LWL AN TN, T T NN, TS T Lol Bl B B I

CONFIDENTIAL

. - - v Yy
LA - G O A 0 B A

ﬂ

T IR P @S B oL s A A s 'R vw.
<
oy
SI9ION 9 = Uidog I2AI2D0Y ‘SIBION 1F - M
= yjdeg 9oanog ‘zlaayolry ¢°1 = Aouenbailg vieG SANS °8-VII 2andig (D) _M mw
TVILNEZAIINOD m ‘2

(W)) 39NV o 7

L <
08 9L gL 89 ¥39 09 9S gs 8¥ A4 0% 0| > M....
Q &
! 1 o€t O ..m.
- { o2l g
: o1 %
001 X
.v\
. 06
4 o i
08 )
>
3]
S 1> 2e 82 v2 02 9l 21 8 b 0 >
e A L . L A 4 ; ; R AN
O
! oel >
4 o
ﬁ 021 T
ﬁ 1ot &
L n.. . 41 001 mlu
y o 2
i ‘1 o8
|
! v i 0L
. = 4
X\ { o9
i 2108
- ov



g b
v X
_ SJI918| 6¢ = Y1do(Q JOAT3OY ‘SISON ¥ -l \.._,
v = yjdaq 99anog ‘z}Idyo[y ¢'1 = Aousnbeaj ‘®le@ SAAS 6-VII 2In31d (D) _AIM B
. TVIINZAIANOD Z -
s, E. M--J
; (AM) FONVY 2
X 08 9L 2. 89 r9 09 95 25 8y 44 0¥ op Z i
. VA
" | { oel o M
i { 221 K
i 01l wm
. | 001 S
: : 06 i
. o WA
¢ 08
: & S
: 0% ge __2¢ 82 b2 02 9l 21 8 4 D op1 < A
: - {oer & ”
s 2
’ : | r
w - 0¢ I m .n..
m - h ° — — w > g
1 ) - :
m : 001 o 7
- : ity 06 2 7
- £ N
| B T A 7
Z 1 N oz
¢ W e n’ «
1 m b ‘o h Om A
“ 2 - A 1 0S «...
e ;
& o v
'\\
nﬂ&.

3
2 o

)}
g’
N

" Y =3 e e - = = oy 4 i e . e o - . o o e e S = o~ L~ 2 g s
. N - 2 o gt - . PR NPE A .- e . .
L 4 . . h - .

RS



LA B Fon BRSOl BRSO e o 0RR TN R4 P XEY P ikWm UER SN #3
m.nw«o_\.m 9 = yjda(g J0OAIOD9Y °‘SJI9ION 1% - M_,
= ydeq ooanog ‘zyr~Yorry ¢°g = Aouenbaag ‘®I®@ SANS 0I-VII 2an31i (J) __.IAH X
: o
; TYILNEAIANOD Z G
. o
: (W) JONVY G iz
' A
: 08 9L 2L 89 ¥9 09 95 28 8y vy = Ob. . Z 7
m o ¥
” ! i oel O ¥
m . ] oz 3¢
[ vr\-
w | {001 Ex
“ . 06 3 =
4 08 :
. > O
. @ S
! > <<
(1] 2 9¢ 4> 82 44 02 9l 2l 3 4 0 opy 3 :
{oe1 S A
. h {021 § 7
, 6Il 9 ..m
| : 00l 2
.\ m .w..
. 3 - 06 <
g , 08
E

Z ! 0L

o 1962

oL

nNU - 0S

& ot

ey e Y A O IS A R o W T




e M= A WEEE_L e e 8 B B PR M e e W e E——— . m T T e A e e @ mrom e e —— e . Y i —— -— — et — -

» SJI9191 66 = yjdo( JI9AISD9Y °‘SJI918N 1¥ -
= yjdo( 9oanog ‘zixayomy g°'g = Aouenbaag ‘®ie@ SANS “T1I-VII 21n3t1 (D)

TVIINAAIANOD
(WX) 3ONVY
08 m.m. N.N. m.w v.m o.m w.m N+m m<v v.v ov
- 4
1] 9¢ (43 82 ¥e 02 9l gl 8 4 0
s m ) h
i 5§} .
- [
< . %!
= e
4 I g
w ,
(@] I ]
T
N i J
O
&

ov 1
o€l
(¥
011
001
06
oe

ck!
o€l
A
ol1l
0ol
06
08
0L
09
0S
ob

SSOT NOIlvVoVdOodd

(8a)

CONFIDENTIAL

A-27

I
L

._\: u‘f

e wL et
o -
% -"i‘tn

A COORENE

W NS L e R T
Iﬁ'&!\‘n_ﬂ.L‘(\W.n.j \: L‘.{\{'\-

ot
.

T
o it

*.'
)

olrdor

»

Y,

v

IS

~4




CONFIDENTIAL

R c - L T T K. RN A _CIARER . .t e ¥ e LSS

sl ORT P OES: TR OWE oM R O mp ST Y A E wn Fa JEm 2 RA

*‘-»1.'-{.- .‘: ~ '*:'.

™ "
N

i

mpo«u_z LT = Y3daQ J9AI809Y ‘SJI9IW SF

-
= yjde( soanog ‘z3adyolry ¢'¢ = Lousnbeaj ‘eyeq SUNS °2I-VII 2andig (D) M m
TVILNIAIINOD ”.._Nl._ “
(W)) 3F9NVY (@] “ﬁ
T
08 9L 2L 89 b9 09 9s 2s 8b 44 ov Z
. : 4 : . : : - . ob | X
o=
| { oe1 O
1 1 0cl A
W2
- 1011 ,.n._“
. { o001 K
*1
75
- g V6 ..u“ ..\vu
8 9 =
0 > o
@ n/.. Pa
oy 9¢€ c€ 8¢ | 24 0¢ 9l N4_ m w 0 ob 1 W_ =<
L joer S
s ; _I-
. 0cl %
i E 1011 o
. . . 1001 o
S oao w : . ’ : . 4 m
L ﬂ' '. — ’ N




A Mo i AR AR AT
7
Pl
- S8 ZIT = YidoQ J9AI009Y ‘SJIIIDN SP - :.m
i} "= yjdaQ adanog ‘zixeyolly G°'¢ = Aousanbaig ‘eyed SANS “EI-VII 2In3LI (O) Aln Je
=
TVILNIAIINOD Z =
(W)M) 39NVY % .,
08 9L 2L 89  ¥9 09 2s 8¥ 44 0¥ oy | T
o =
L o€l O M
1 021 X
- 1011 M
s {001 -
: 1 06 ..um m
08 9 -
> m
® g A
¥ 98 ce 82 ke 02 2l 8 v Iop1 3 <
o %
: o€l = .m
02!
'e) ¢4
. 0. . 0200 ® b
. W.N.. .o d . {o11 & )
o o .ozo ® * >
¥ B ..sqat.#. 001 5 2
. MRs? s o w -3
- -
<
T
P
L
m -
_.Nr !
O
(&)
B TE D R ER O D M T W O B & & O




CONFIDENTIAL

08

¢l

SI919IN LT = UYldaQ aAte00y ‘sidjap V4 2 .
= Ydeq edanos ‘ziaeyornry 0°¢ = Aouenbaay ‘®IBQ SAAS FI-VII aan3yy (D)

89 b3

TVILNIAIANOD
(HX) 39NVY

03

95

O BN

8Y 44

L -r

T

4

ov

Sl

cl

LR T E

YLAI Y T

o o w_hlm\lhﬁum 5

e

AR 1 A VR

Jm

(114

ob i
0l
ocl
o1l
001
06
08

ob 1
0el
0cl
ol
001

SSOT NOIlVY9Vdoyd

(9a)

ov

A-30

- 4]
[
-

CONFIDENTIAL

I

:

¥

"

o
.l e
NI:--
-

P WA HY

<

1

XA

P

LTI,

Lo

UL

2 st

.~

-
DK

-
AN ak

¢

- a

- A O My P %
] “h-"v i U R n".,-)t-sl". \"‘:'hx’)‘ﬂ LA -i\ DO N WO



T AR A MR R T
ek
v 7
¥ e
: N
W 8I910 11 = Yido( I0A1909Y ‘SIdI9K ¥ gL =
v = yydoQ @2anog ‘zjaayorry 0°¢ = Aouenbeag ‘®1B@ SANS °SI-VII 2an31d (D) = e
d vx
E TVILNEQIANOD & &
: & 2
2 (WX) 3JONVY = &
b 08 9l 2L 89 v9 09 9S 2s 8Y 24 14 < 4
¢ =4 : . : : = 2 A : ot 1 mw 7
3 s { oel %
m i { oz 5
; . Yo ..m
3 ! . ;
m 001 .
w 06 M 7
; 08 S - A
r > ™ he
G © <
w OF 9e 2¢€ z
% -
W : r r
; $ o
M wn
w | ;
¢ ﬁ o
- , 2
; g
- L
. 2
i L} -
=]
: T -
E =2 .
o
(&
IR o R RS m s A D S R E RS ZE B




e B PR GX Gd R N 3 MR 6D BD T a8 s Pk B S9 me
: 8I919 LT = Yido( IaA1909Yy ‘SIdIOW SF = yrda(Qg - m
80IN0g ‘zZ)rOYONY §°0 = Adudnbaaj ‘judasyood-mwas ILOVA 91-VII 2an31g (D) M m
. e
. TVILNIAIINOD < ;
. (W) 3ONVY =1
_ L .
‘ 0°08 0°9. 0°cl 0°89 O0°'¥9 0°09 0°9S 0°¢S° 0°8% 0°'vv o.o%v_ 2 .
” v v - v — v v v — o .
. { oel O
{ oz 3
b
- o011 a
- |
: i 1001 ¢
. j 106 3 :
.. o ;
: 08 2 S
N @ < .m
: 0.0 0°9¢ o0-2¢ 0-°8z 0°bg 0°02 0°91 0°2l 0°8 0% 0°Q , 3 :
: v v - r — - A
d i o :
10el = m.
4
” ! 1021 5 m
r ' o s
w 1011 ¢ 2
! . ?
m i 1001 o m
A | {06 % 2
i
_ M ! m
T = 108 3
w m I 1 0. m
= . 108 :
L 3
Z : | os g
O :
o ob 5
:




T — L R S —— T T N T 8 & Lan ae L CE 2 M S P

8J9)19 L1 = Yida(Qg aoA1909Y ‘sad)}9| Cp

= yjdaq aoanog ‘zirayopty §°0 = Aouanbaag ‘sie@ SANS WOJJ
pa31oBaIqNg SINPBN LT = Yidag I9A1909Y ‘sadid| ¢t = yidaqg
20INO0g ‘Z}IYONY ¥ °0 = Aduanbaag ‘judzayoo-mag IOVI

TVILNAAIANOD
(WX) 39NVY

PR~ W ey e

*LT-VII aandig (D)

0’08 0°'9. o0°'c. 089 0°'¥9 009 0°'9S 0°¢esS 0'8y 0°vb

L AT ST R T LY _ N YV _ S § Ty

ogﬁw

v v ¥

CONFIDENTIAL

Sl

Sl-
0c-

A-33

0" 8z

A

Sl
ol

A

dON33434410 SSOT NOILvVOVdOodd

CONFIDENTIAL

(8a)

Ol -
{1 Sl -
02-

ID OO BT

1
hE

2
-.L

RENR (V7%

LSRR
W

"

- W v
Y, CN PNy

"

e e te e
WP L e e %
J_\,: AL -_'.r,fn.

NN ORI

Al
Yy

“»

RN AN s




L RAARY L-ah SO SRNRE A LAL AL L R nt/ALAL AL R LAS A A A S A I YA AL R A S S

HE o B S8 [ 733 PR (X o 22 e T b

¥
'
N
[ ]
N
)
vy
L
3
"
)
A3 alal

-

o 4N
Lo 3

'} }.x :""

SI9I9KW ZIT = Yrdad I9A100Y ‘8Ia)9l Sp = yydaQ
23anog ‘zizayonry p°0 = Aousnbaag ‘jusieyod-mweg LOVA “81-VII 2andid (D)

R

>

3

TVILNAAIANOO i

(W)) 39NVd
0'08 0°'9L 0°'2. 0°89 0°'v9 0°09 0°9S 0°'¢S 0°8 O0'Fb c.oovv_

v L4 14 v

T ¥ v

CONFIDENTIAL
a3

Mt adad

! { oei ’
- 1021 5
=
‘ 1011 %
- 1 001 sm
0 3 m
08 S L A
G M .
o0 0°9¢ 0°2€ 0°'82 O°¥c 0°02 0°91I 0°21 oq.m 0¥ o.mv_ W_
- 10€1 = L/
| ] -
021 S :
g fo11 & 7
£
g 1 001 W 7
- -
g [ ,
n |
g |
T ' .
P4 | .
o 3
o ;
R ot e ST TR PEM CT e AR PR S TS e LA e Y ST, T T ) - Vy«,,.,..\.,

oL

aL

-

A

R4 i



D Th T A MRS D e A AT LA PET - Sla i g ipam | S A Sn | e erad | SR Ui o gl gie LR e e P 1 AOEiperdtaPul WAL RN ChOma R i e hd .UM
v =
v 5
" >
W SI919IN ZIT = UidoQ I2A1809Y ‘sIald| ¢ = Yidag adanog . v
» ‘zjaayoir) ¥'0 = Aouonbaxg ‘BB SANS WOIy Pajoea} g -3
L -qng SId19 211 = Ylde(q a9A1809Y ‘SI9319| ¢ = yidag - ..
w 90an0g “z}Ioyo[ry ¥ °0 = Aousnbaag ‘juasayod-twas LOVA “61-VII 8andig (O) _m ﬁ‘
,\\ £
¢ %
2 TVILNEZAIINOD a &
o (W) 3ONVY e
w 0°08 0°92 0°2. 0°'89 0°'b9 0°09 0°'9S 0'cS 0's8k O0°'v¥ o.o%m w W
“ v L L] v v ¥ Ad v L g ‘A
ww. X ._ m — C fn\.“
| 0l o

- 18 Y

-\.

0 &

.I¢

-

A-35
s

-
-«
=

0c-

S1
0l

3ON3¥3I441d SSOT NOILVOHVJOAd

CONFIDENTIAL
<§
)%
e
o o w o u
(8ad)




% T - e - TR e emem———l
LA ANV @ T O A A FM w4 mn W 5 ) e vl & d9ER wvw B %
v -
3 &
3 5
y p
ﬂ- — - 3 — L -
s sas1ol ¢F = yrdeQ I9A1900Y ‘SI919W zb = yided < i
v 30aN0g “Z1IAYOMY 0°T = Adouanbaig ‘juszeyod-1wes LOVA 02-VII aandid (D) = 7
Y A
Y IVILNIAIANOD W._ mu
f_ D .\A
: (W) 3ONVY =
. 0°08 0°9. 0°cl 0°89 0°'¥9 0°09 0°9S 0°2S 0°8¢% 0" vy o.oo«.v_ mwm
. . ' \ , : 2, : . Z
.”. - 4 O®~ ﬂv Wﬂ-
by el
; : { o021 Ve
_,.. m
ﬁ X h O w — m-h
, : { o001 “.u
” i 106 3 “
” 08
y > O
. ) o
3 0°0b 0°9¢ 0°c¢ 0°8¢ 0°'veC 0°02 0°9I 0°¢cl 0°8 0V o.mv_ W <
: , ' ’ y v ’ v , : —
: . foer S
: . 1021 ©
: . foit &
” [ | 100i 5
: N_ ' loe %

2 { 08

5

< § i1 02

(o] . 109

i

P - 1 0S

8 o

S YR it o R 2 2T 2 2" i NN I R L P &



m.I.I LAt PR R et an SRR ol e AR "R b SRS pd e ) R D R et g e el B i o el oy o e et
p ¢
; X
: v
SI919 £€F = yirda(g JI9AI1809Y ‘SI939N ZF = yidaqg @oanog .2
; ) ‘zlIsyolry 0°1 = Adouenbaag ‘ejled SANS WO} Pal1oBI} - .......,.,
| -ang sIdl8y £F = Yrdag a9A1900Y ‘SIBK ZH = YlrdaQg M ﬂs
. 904N0g ‘Z}I3YONLY (°T = Adusanbaag ‘jusasayod-tweg LOVA °1Z-VII 2an3tg (J) _m
1 ..-..\A
; TVILNIAIINOD s
' (WX) JONVY N
. n
d 0°08 09, 0°'¢. 089 0°'¥g 0°09 0°'9S 0°'cs 0°'8r O0°'¥V o.ﬁiw mw wm
“ S #
‘ 5 1S] mm
: , 1o 7
¢ g g
¢ ..,
’ 0 ...VA
; i 1 S6- M_
_” s {o1-
™~ .
' ™
‘ i {s1- L
; 02-

LR N e BN

JON3¥34410 SSOT NOILVOHVLOHd

L

m j

D , |

_AIM ~ \/) 0 _

-z | VAN e

=] -

T [ 10
5 { s1-
C ONI




b BAAAE = B G SRRV B ARG | RCOCHN | - 7R AR

-t
v
)
i
=9

-
n“l
.
-

-
D-'..

_\
2
o
~1

8
)
g
a¥d .,”

” SI919W ZIT = Yidod aoA1009Y ‘sadldl gp = yldaQ - m
. 20anog ‘z1IaYO[Y (' = Aousnbaag ‘juazeyoo-mwdsg LOVA "2Z-VII 2andig (D) m a
_. TVILNIAIINOD -
] m .,.‘.
” (W) 3ONVY o -
” 0°08 0°9. 0°2. 0°'89 0°b9 0°09 0°9S5 0°'25s 0'8 0°¥k 00k, nNu
: ! Y O
r ﬁ 1 oz1
! : {011 e
1 001 K3
_ 5
) L Qm Iﬂm ...1...
08 I “

> [o2] 4

@ T

00k 0°9¢ o0°2¢e 0°82 0'bc 0°02 0°91 0°2i 0°8 4 0" 8y, > = ..m

: 1oe1 2

ﬁ {021 ¢ m

s {o1t1 @ 3

i 1000 5 ww

< 5

= . { o8 %

m ! 10 M

o 09 p
L I 1 -

nNu : { 0s 4

O 73

oy



SI919I Z1T = Yidod a2A1009Yy ‘saalol gb = uyrdeq oaoanog
‘z1I9yony 0°1 = Adousnbaag ‘ejeq SANS wol} pojoea)
-qng sa9ja| 11 = Yrdeq I9A1909Y ‘sl gb = Yideq
20anog ‘ziIayory 01 = Aouanbasq ‘jusroyoo-i1wag IIOVd

TVILNAAIANOD
(WM) 3JONVY

“gZ-VII aandig (D)

0°9, 0°'2. 0'83 O0'P3 0°09 0°9S 0°¢S

v — Y

i

i

i

L

CONFIDENTIAL

A

0° oovm

Sl

01

ofl-
Sl-
0¢-

‘B2

Sl
01

o R

oo

A%

L oM. ¢

=

A

CONFIDENTIAL

CYRNICS

A-39

DR

N

JON3d434410 SSOT NOILvVOVdOodd

(84)

e i NIRRT RRITS T SRR



-~ w

Tr v we mL W W el oM R R S W TR VTW T s e

CONFIDENTIAL

B Bor PR A S M R 0 D0 B S BRSNSl L

SI9)9N 9 = Y)doQ I9A1009Y ‘SIdlel 1¥ = yirded
20anog ‘z}IoYory ¢°1 = Aousnbaag ‘jusaeyoo-twas IOV “§2-VII 2an31d (D)

TVILNAdIINOD
(W)) 3J9NVY

™ T T L2 T L\ Y

A

A

0'0b 0°9€ 0°28 0°'82 0'bec 0°0c 0°'81 0°21 0°8 0'v 0

i

A

A

A

A

0°08 0°9L 0°'zL 0°89 0°'v9 0°09 0°9S 0°2S  0°'8F 0°'bb o.ooqv_

0€1
e
ol
00 |
06
08

By

0€1
01
0l1
001
06
08
0L
09
08§
ot

ROV AT R\

N e e e et
A S R A T

CONFIDENTIAL

»

'\ e

.,
ORI
Ve wdws

A AL

-
R A

>

4

A-40

PO LT 3 Oy SN

R e

SSO7T NOILlvV9oVdOodd

(8d)
Ford Wy

BOFET ¥y

!:". »

-

gRTYRN

LT AW L

J

b e



SE¥e - SRR R AR R A A
>
m
SI9PN 9 = Ylded asA1000Y ‘sI919N 1V = Uirdag ooanog nw_
‘z1IoUoy ¢°1 = Aouanbaag ‘eje@ SANS woal pajoeal -l A
-qng sJd1d| 9 = Yrdag JI9A1809Y ‘SsaaId| 1P = YideQ <{ W
290aN0g ‘Z}IBYOMY €' = Aouanbaag ‘3udaayod-1wes ILOVA °4Z-VII aandiy (D) ﬂ .\.mu
2z
TVILNIAIANOD w m
(WM) FONVY m o
Pl
0°08 0°9. 0°cl 0°89 0°'¥9 o”om o”mm o”Nm o”mv o”vv. o.o%,m 2 m
v @) =
{ si o m
- 101 s
. %
- 18§ D ﬂh
@ .
L3 3
A
- 18- » J;
- K
, 19 ¢ 5 =
: 1s!- < ks
_l
02- O %
0'0F 0°"9¢€ 0°'c€ 0°8¢ 0°'ve 0°0c 091 02l 08 o..v o.mm - .J
T Y
s 3 T -l
Sl m .
. 101 m
_ ) W
L .
= v ¢ S
2 /\/.2 -
Ll / 1S W
m - 0l-
Z
[ ' Si-
Q 1
O 0z-

b
3




LA

W

RS T YA VAP TR AT X PR P T3 YT b akidrats a3 2o it7et0 SR £ T 'l N R L RS DAL £ ALY WA

|

CONFIDENTIAL

el |

;‘L'
W

13
)

(|

lecacs.

0°9L

7

e

e 2R A

SI9)9 6¢ = Urdog I2A19008Y ‘saalely Iy = yidaQ ddanos
‘zjaayomy ¢°1 = Aouanbaag ‘el SENS WoOIy pajoesd
-qns sIalol 66 = Yideq IeAm@0ey ‘sadid| I = ydaq

22anog ‘zlIayolty ¢°1 = Ldusnbaaj ‘jusasyod-mueg LOVA

TVILNEAIINOD
(WX} 3JONVY

0'c. 0°'89 0 ¥3 0°03 0°'9S

0°¢S

*97-VII 2an313 (D)

0°8v  0'bb

™ g >

e

e

A

AR

5 [PCPLETO
R A o A

o.o%.*v_

oel
021
0l1l
001
06
08

0 8y

0el
W FA
oll
001
06
08
0L
09
GS
ov

SSO7T NOI1vV9VvdOodd

v 83)

e e | Y Sl R

CONFIDENTIAL

A-42

2 -

DI END AN N

X

L)

-
SNTN,

<+
N*

o
.h

A

Sl e ale

LIPS
- L |
R Y

et
S
Ta st

AURRAL G
L PLPEN

a

Y
)

N e NN
ol A e e e

-

BRI
..‘,

Ty TS

Rt

AT SRS
'!'-&Y-o e 2L

v 23



Lo AN

-

ALV 0 N S A5 0 R

mmnmvv TETIRTETEM T SIS CAIRTRT A TR VR T L T, e YW

CONFIDENTIAL

SJI9)9] S = Yirdo(g a9A1009Y ‘sa919N 1P = Ulrdeq
20aN0S ‘Z)a0YoMLY ¢°'T = Aousnbaag ‘juaqayoo-wwes LOVA °Lg-VII 2an3ig (D)

TVIINIAIINOD
(WM) 395NVH
0°08 oMMN o”NN o“mm omvw o”ow oumm o”Nm o”wv o”vv o.ﬁﬁw
. {1 si
01
; S
0
G-
f ! o1-
] qr-
0c-

p—

0" 0% 0°'9¢ 0°¢e 0°8 0've 0°0c ¢ 9 v ¢l 0°8 U4 o.mw

v T o T Y

* I WNLIE

"y

Lo
)

| ETANCAR

o
1

3ON3434410d SSOT NOILvVOVdOodd

(84ad)

CONFIDENTIAL

A-43

)
d

SN WY

LT N AN LS
'*n.fl'!‘q_‘.h LN \'.‘):\.

T,
Ta

™
hY &

'1 \- ‘-
N

AN

¥



4

y W EPNAMTGE AT IR

T A HLE T R A TR TR | S O TR LR S Wy Y EmEFTrE-®

T ST THLY S, s Ve WP

CONFIDENTIAL

4]

e e e R

[Cicand -
& et Auld

SI919 9 = YidoQg I9A1009Y ‘sa0)9l TF = yideq
20anog ‘z)aoyony ¢° 7 = Aousnbaag ‘judiayod-mwds IOV

TVILNIAIINOD

(RY)
0°¢lL 0°'¥3

3ONVY

0 9L 0°09 0°9S

[ o 3cx)

0°'2S

(™ ¥

v o

w210

*82-VII 2and1y (D)

0°8+r 0°'v¥

L )

IS

0°

L4 ™ T

T — '

A

4

A

A

W0

O

0el
0cl
011
001
06

0°'ve 0'0c 0°"9l 0°¢cl 0°'8 0¥ 0
- E
i ]
L 4
1 1
En F R N X A AR v TR T L L e % G

08

8o

0cl
0c!
0rl1
001
06
08
0L
09
0G
ob

SSOT NOI1vVDdVdOdd

(aa)

I RN A AR LA S

A-44

<
bd

CONFIDENTIAL

.
¥

a3

-
-

L
™
v

o

",
-

SR Ay

e
h

A

Y

PR

DI S Y

KA

RS L

2N

R PCERLY

!

x“i.ﬁ“"a F

"y

A _',{k"‘gi .,,9_g', L

I

4
"
8,



L . NI

SI919N 9 = Yjdog I2AI909Y ‘SJ9I9N [ = yjda(q aoanog
‘zlIayo[ry ¢°Z = Aduanbaig ‘vleq SANS WOI] PaloBI)
-qng SINPW 9 = Yidoq J0A1000Y ‘SI9BN 1 = Uidaa
90anog ‘zlaoyoQly ¢°Z = Aouanbaag ‘jusiayoo-1wes ILOVI

TVILNIAIANOO
(WX) 3JONVY

0'9L 0O0'¢cZ 0°83 0°'¥9 0°09 0°95 0°¢2S

*6Z-VII aandig (D)

0 oonm

e

e

A

CONFIDENTIAL

<><

S
0l

01-
Si-

0c-

(N

Sl-

0c-

=D

Rt LR
SRR WS

P
-
Ry Y

b NI

NICARN

~

"-';).'L'p':\"‘_'.'.(

-

CONFIDENTIAL

.
-

- “)' *
¥ TR LS AN

A

.

45

LYY

- . ".\iﬁ : :h

”

A-45

<

-
1
[3
-
.

3ON3Jd43441d SSOT NOILVOVJOdd

(8a)




1 EEEATREN - EENRHANE SRy BT AN A . | IOV | 55 B Y R A | VORI | | IO

3

SIN 6¢ = Yydoq I9A1909Y ‘sadlol 1¥ = Yide(Qq
30anog ‘z)aaYo[r) G°Z = Apuenbaag ‘judiayod-mwLs IOV 0£-VII 8an3rg (D)

TVILNIAIANOO

(WX) 3ONVY
0°'08 0°9/ 0'¢. 0°89 0°¥9 0°09 0°9S 0°'¢cS 0°8y 0'FF o.£®_

CONFIDENTIAL

A m a e LM e s st ke 8  mem o -

% 0el
i 1 021

Y

001

08

“m- e M R mum e _m,

A-46

0'0b 0°9€ 0°¢c€ 0°8 0°'be 0-°0c 0°9I 0 2l 0°8 0" v o.mv_

0€ !
0c!
i 10il
I | 1 001

SSOT NOIlV9VdOdd

(8a)

08
0L
09
0S
1) 4

D3 LN Y

A

CONFIDENTIAL

y
«
m
Pl
m
X
m
m




M\\l\\ AN 00 VIR T NI A SN

-

SIION 6S = YrdoaQg JI9A1809Y ‘sI9I9N 1 = Yide( adanog
‘ZlIdYoNY ¢°Z = Aduanboag ‘v SANS woaj pajovd}
-qng sJI332| 66 = Yido( I9A1009Y ‘SIOION 1P = Uydeq

90aIN0S “2z3}I3YOY ¢°Z = Aduanbaag ‘jusaoyod-1wds LOVI

-~

R

,. TVILNIAIINOD
; (WX) 3JONVY

; 0°08 0°9. 0'e2/ 0°'83 0°b9 0°09 0°9S

0°¢S

e T AN SN VI RN o T T S NS ‘.A

*1£-VII 8and1g (o)

0°8Y  0°¥b

v v L

T

i

A
g

et e W W

0°9¢ 0°'c¢€ 0°'be

0°2I) ,0°8 0°*

e

e

CONFIDENTIAL

b
e o A

Ml = B s =

s

0 0p

Sl
01

Bz

Sl
0l

13434410 SSOT NOILVOVdOdd

(8d)

CONFIDENTIAL

A-47

CAC R NG AL
LA SRS Nyl S, LS

A

g Sy g o

O




]

Ve TaT T W

"

- = T e

RARERIP I

i e W T ® W YW emA TS AN AN WIS YT =. TR =

i 3

CONFIDENTIAL

O ¢ I OO WO/ B -7 S TE OER R G2 23 e LD

8J919N L1 = UldoQ I9A1909Y ‘SIBIBVW p = Yrdeq
20anog ‘z3IvYomty ¢'¢ = Adoudnbaig ‘juslayod-1was LOVA °ZE-VII 2andii (D)

TVILNAAIINOD

(WX) 39NVY
0°08 0°9. 0°2. 0'89 0°'v9 009 0°9S 0°cS 0°'8y 0°'vb

- -

R

v » v — v v ™

A

e

e

0°0b 0°9€¢ 0°2C 0'8 0°'¥c 0°0c 0°91 0°<cl 0°8 [V 4

0°

1

.

ARD

o.o%v_

oel
0cl
0l
001
06
08

by
0!
021
011
001
06
08
0L
09
05
of

SSOT NOI1lvVOVdOdd

(8aQ)

3
2

CONFIDENTIAL

A-48

i

S LT (N

-

atata Sl

APy

S CCTRLL MTCL AL

)

s RCLCALRTL

NI T (e

h

Yo

TENTLOS LS




h‘b/

*hwh™.

"RATE N YL

s B A

TR

>R

Ea-aibar JBar- Bot et o

[ gfla QM E 08 o BB o

L2’ a3 A9 and

T UATFRATTATT BT EY A TEVEY A B A a L x-d

I DRSSy | AP ALUANE | sty | FArAd

TN | AAARAIY | ARASATS | =\ LAY s

-

o

I L ..51\

SJ9)9N L1 = Yiyda(Q JOAI30d1g ‘SIDION CF = yiydag ao2anos g .m
‘zjaayomny 3°¢ = Aouanbaxg ‘vie@ SANS WO} PdjdBI} -— wf

-qng SI9I9 LT = Y3daQ I9A1909Y ‘SIAIOK S¥ = yideQq - o

soanog ‘ziaayony ¢-¢ = Lousnbarg ‘judieyod-twes LOVA ‘€g-VII 2an3iy (D) :N._ S
TVILNIAIINOD mnu. ﬁ

2 -

(W) JFONVY s - m

0'08 0°9, 0°2. 0°89 0°'b9 0°09 0'9S5 0°'2S 0°8y 0'bb 0°0f O s

S

” —

[=2Te]
Nt
Y

PP

-, \

A-49

0'0r 0°S€ 0°Ce 0°8c 0°vec 0°0c 0°91 0°2l 0°'8 (U4 o.mN

; 15!

1
*

o
N
JONI¥I441d SSOT NOI11vOVdOdd

is

) | | e
A [ 16§- m
& | >;.1>, _ }q} >.?s . s
-.M - i \\)" >.\>\.\ 4<

O 7 "\r\..\

C Vd



L I LI W

/A OSERey BN UIENN  EENAAGEE | - SRRV AT B -~ B -, | BERCCCIE| | S < V3

\\

St

>
s

SI9WN Z1I1 = :Eon JSAI909Y ‘Sao)ol v = yideq
20anog ‘zlaoyoqny ¢ g = Louanbaag ‘jusaayoo-twes LOVA ‘¥E-VII 2andig (D)

o
LAY

CONFIDENTIAL

I
= G
TVILNIAIINOD 2
TR
(WX) FONVY m w
0°9, 0°2. 0°83 0°'v9 0°03 0°9S 0°2S 0°8v 0'vy 0°0% W b
—p - v v v —p -+ v Y >
>
o€ | O
| 021 ..”..M
fou x
! 001 i
A
06 .%
08 .
> 8 %
(") Am Am
0°9¢ 0°2e  0°82 0°v2 0°02 0'91 0°21 0°'8 0'v 09, % 2
0e! W m
{1021 W
TEERA ,.
1 001 5 Bl
{os ©
108
0L
! o9
{ 0S
o




SI9ION ZIT = Yylpde( JoA1009Y ‘saoald|N o = Yjdeq aoanos
‘zlIayory ¢°'g - Aouanbaag ‘eied SUNS WOl pajoedl
-gqng sJIvPN ZI11 = Yyrdeq aaare00y ‘sa9ld| sy = Yideq
204N0g ‘2z31a9YO[IY ¢°¢ = Aousanbaag ‘ijuaioyoo-1wag IHVA

*¢e-vII aand1y (D)

TVILNAdIANOD
(WX) 395NVY
0°08 0°9. o”Nh 0°89 6 "+9 0°09 039S 0°cs 0°8t o”vv o.omvN
{1 Sl
- 1 01
- g S M
w
Yoz
! N S- W
~N
> » {1 01- P
. si- =
0¢c- %
w
0 '0b o”mm o.wNm o”mN o“vm oJ.oN o”w_ 02l o..m o~.¢ o.mm o
| a
181 L
o1t
s &
| m
- o
2 < ;\f\ 1 g- @
i =
m : 101-
i
2 [ Sl -
m ' 02-

CONFIDENTIAL

A-51]

o

e
T T oan

AR %

-
Aate

LIS N
o

-
“

~
P U

i T N

.~
®

i
‘.'_AJ!

~ . a




W - om - - W N 1.‘1-"
XTE R TI AT Rl A ALATUTLALE 54 MR T LS FAA L ERARES W W Wy T WA SO AR WS TN 1
RSN AR T TN LY p VURS L

'»)
o
<
I
(]
m
2
-
>
r
L

.‘.\'
N
ME Y
o o
v W —p———— ' o p—— v - g
Q iy
o o
1.2 1. Y
© w0 o «
) ~ e
= m
o
1754
o o . )
- -* - * g
N N 0 X
™ ~ d)a'; Ry
- oy
o0
EE
o o
4 o 4 - ov-l: @
(4 0] ® w \
N © IS
55
o o a0
4 . {. gg_, ‘
« © - a3 Ef n
= % Fr-ag N
x = e b
1 12 175 I TR
e © w a B
N © % E -‘:8 (Y]
o Q
< 3§ o=
o o & U 29 N
ﬁ . {1 dE)Q‘ i)‘
w [do) va ll 7Y
< O i,
o o A -
b . -{ -
~N N © .
— w ] .'-4
] ~
é W
o
ﬂo. ﬁ(!; 8 %
@ T ,ED - ;
& |
~~
&) N \
{ie 1c: ~ é |
. <
T <
l:.z‘
\'.‘"
- i " e " - i a ——d o . - ek d O- ¥
O O O O O 0 O 0 O ©o oo o o o o o o o‘.? ﬁ
T W O ~ O 0O o —- N W < o MO o ~ N M <
(8d) SSO7T NOILvOVdOyd ;::4
RN
A-5? ;.‘

CONFIDENTIAL
A S A S S R S TR S R U




MLNTRUTY Te TS W TR TR T T

R TTUI I S et (13 so nefl o o o8 PR SRR e R

sI219l LI = Urdeq I9AI909Y ‘Sa9l1ei gF = Uyiydeq 9doanog
‘ziaayorry ¢°¢ = Aouanhaag ‘Bjeq SANS Woday paloedi
-qng sadlel L[ = Yrdeq Joa1@09y ‘sSId1d| gf = Uideq
9oar0g ‘ziIayoly 0°¢ = Aouanbaxg ‘jusasyoo-1was IOV

[ TVILNIAIANO.
(W) 39NV Y
0 'K

0°08 0°9Z 0°¢/ 0°89 0'v9 0

*L€-VII 2an31 (D)

v L ¥

D
0°'9S__0°¢S 0’8y 0°'bb o.oovw

v r

Sl
0!

ol-
Sl-

A

0c-

CONFIDENTIAL
%
<
<]
T

e o 5 i 3 ~wow “
28 IFL 4L At 11

- W a w v ve—— k

JON3Y34410 SSOT NOILVOVJOdd

(8a)

f
q

el

CONFIDENTIAL

A-53

AR ARGCY G RS0

.
i TR I

X

.
3R

R
~tal ‘-.'.'-J:\

R A
Tt

PSR
.. ﬂ: NN N .1..“(

EAAE W |
-

[ W



A . e I - | ) . |
A 183 &5 BB N P35 WA 2y TER 5SS g oy BN s orl s KR e
W
m sa919 ZT[ = yydaq JoA1L09y ‘si91al] Zy = yideq
m. 20aN0g ‘Z)IdYOILY §°¢ = Aousanbaag ‘jusasyoo-1wes LOVA "8£-VII 2an313 (D)
w TVIINIAIINOD
2
w (WX) 3ONVY
m 0°08 0°9L 0°2. 0°89 0°bS 0°09 0°9S oumm 0°8% owvw o.o%v_
:
7 - { 0€1
; 1oz
m ! {ot1
o
7 {1001
v Y
; , 06 3
7 08 Ry
v >
m @
w 0°0F 0°9¢ 0°¢€ 0°82 0've 0°0¢ 0°91 0°21 0°8 0°¥ o.mv_ >
: : {oe1 2
¢ 8 4 —
w 0cl .
m . fo11 &
i 1 001 %

A - s { 06 -

<
: W , {10¢

m I 1 09

! 0S
O
& ot

e fad

LAY

.n.\i-‘:-\ S

VRN

S

<
sy

>3

o

y

CONFIDENTIAL

P

FAACIYS AR

N

o,

~

A

A% a O

A-54
LA

Ay

Yoy

."n\.'_ b

LR

" AT .t .
I L DR

. "."-g(\‘ PR



N \.'..\.‘1

AR

Fatia e 25 DL ALY

AN A N AR D AT A AN T S0 AV % B R T e T

o R
»4..-

TN ™

-
<
-
<
w
Q
L
<
O
O

SI9319N Z11 = Yjdo(d J0AI19D9Y ‘Sad1O9 Z§ = yrda(g ooanog
‘Z3I9Yyorry 0°¢ = Aousnbaay ‘el SONS WO} PajoBaA}
-qng savlo| ZIT = Yirdoq I9AIR09Y “SJd1d Z¥ = yrded
924N0g Z}IYOLY (°¢ = Aouanbaag ‘juezayoo-1wog IOV

*6£-VII 2an31g (D)

!
1
|
i
(
|
|
!
|
|
!
{
I
]
!
]

) TVILNIdIANOD _
(WM) d9NVY -
0°08 oum\. o”N\n oumm o”vw 0°09 0°S8S§ o”Nm of”wv ouvv
9
_
0°0b 0°9¢ 0’ce 0'8¢2 c've 002 o»w o 0°
S ]
f %)\/%I\»\A\ .
A D- br

ol -
Sl-
0¢-

8z

S
01

g -
0fl-
Sl-
0c-

JON3Y3I4410 SSOT NOI11VOVJOYHd

(8a)

CONFIDENTIAL

A-55

e
A
el

RS

-
-~ %

ety
e
'qb

i i

L)
YN

LTt
D 0

3" !5}

>

a8

3%

riv

-~ " T e
.;.'C'i'l‘a

'.‘» .t.-..‘ L.,,‘_ ’,":,)!‘: {




TOUW n B e s ool GEe o e W U EET W } e T rrr AEE
.
,. SI9)9 LT = Ulda(g J9A1009Y ‘Sa9IG| SF
, = yjdeQ 90anog ‘zrayony §°0 = Aousnbaag ‘jusasyod IOV ‘0%-VII 2an31g (D)
¢
. TVILNIAQIINOD
) {WM) 3IONVY
) 0°08 0°9L 0°2L 0°89 0°v9 0°09 0°9S 0'eS 0'8y 0'vy 0 0k,
. o€l
b
i 02l
. 011
W
; g 1 001
N . 06
! 08
m 0°'0v 0°9¢ 0°2¢ 0°82 0've 0:02 0°91 02! 0°'8 0'b 0" 8y
; ! oel
w : {1021
m I {o11
m : 100}
r Mﬂ 5 {06
ﬂ 1 ow
M ] { 0z
W [ / 09
{ os
(@)
& (184

SSOT NOILlVOVvdOodd

(8a,

CONFIDENTIAL

A-56

X8 5

ot

Lt

£

X ArE

- "
|

P Py
PPV, Pk

WAL/

N

Y

\NeITNANY

L)

Ly

Ta oy

AN AN

i AIGhON,



Y A T R T A Y T R R T T O Sy T N T N S S G Y Y Y O U I S T A TR A e R T ..\]\..

[
., =
0
| SI9)19IN ZIT = Yido(g J9A1909Y ‘SJ919IN G N_ m._._
: = yidaQ 90anos ‘zixayory ¥'0 = Aoudnbaag ‘judaeyo)d LOVA “Tv-VII 2an3ld (3) = .m.
_ K
TVILNIAIANOD :N._ mm
: o 4
“  (WY) 39NVY o 3
: 0°'08 0°9. 0'2. 0°89 0°'¥9 0°09 0°9S 0°2S 0°'8r 0'vy 00k, W m
o
- 1 0¢€l H..m
021 H.m
: 0l %
“ 001 7
“ "
m {06 3 -
08 w ™~ .....
' > rn.u ...-
: @ < o~
__ 00 0°9¢ 0°2€ 0°'82 0'V2 0°02 0°91 0°21 0°8 0'b 0°0,, 3 w.a.w
: {oer 2 e
_. 1
m 021 o
w i 1011 @
i 1001 m
: -
M 06 -
= 08
| m 0L
(&)
T i 09
Z
O { 0S
O _ ov

A =75 2 =2 BEZ PR 208 O SR B S B O P o7l m Tl TR I




PR 0 |

MO L A A L A N R R A R

Saloiad Val dak Aul Wed WAL OA NG L Sl SATE A R KU AN

CONFIDENTIAL

e o BT 2 ]EORAR O I R MBS I LA WAl v
s1919 £F = yydoQg I9A1900Y ‘SJo19N Z¥
= yjydo @0anog ‘z3adyo[ry 0°1 = LAousnbaag ‘judaayod LOVA °TP-VII aandig (D)
TVILNIAIINOD
(W)) 3J9NVY
0°08 0°9. 0°cl 0°'89 0°¥9 0°09 0'9S 0°2S o”w¢ o”v*w 0°
4
[
0°0F 0°9€¢ 0°'C€ 082 O0'bc 0°0C 0°9I 0°2| 0°8 0°' ¥ 0

n

A

A

e,

rIEL

%% |

0e!
0cl
011
00!
06
08

By

o€l
0cl
0l
001
06
08
02
03
0S

v

DXV
-
-
T
e
L
o
L.
2
O
O
0
X
S e
> 'S
'y <
>
II.—
O
z
_l
O
w
w
O
@

S TSNS

*ox

.- "1-
A

..
AN

e

AN

eI

;

AT




-

LA,

A i Mt

e

i

&

W

TRV

SETRTE PRV

ORI PN R TN YR KN TR N TS TR TSR TN TR TR RGBT

P | AR | KRRASR A L2 RALICAINA| | ﬂn.uwﬂﬁuimwvhﬁwﬁm"!..dwwmm
5
b
sa919| ZIT = YidoQq I9A1909Y “Sa019N Zh I
= yydoQ 90anog ‘z3aoyolLy 0'1 = Aouenbaig ‘jusasyod LOVA ‘€h-VII 2an31d (O) L
=
TVILNIAIINOD Z
E ~
(W) JINVY o 3
F i
0°08 onN o”NN 0°89 o”v.m 0°09 099 oHNm o...m¢ 0°vb o.o%1 2 {\m
o
S 1 oel o P
[ Q 0cl “wm
- {or v
74
001 W.u
- {1 08 M mm
08 3 o
o & 7
0°0y 0'9e 0'2¢ 0'82 0'v2 0°02 0°91 0'2l 0°8 0¥ 0" 8, | = m
ﬁ {oe1 S o
v
f 1021 § Z
[ o1 & ;
[ {001 5
- i 1o &
g
= i { 08
T
:N._ | {0z
= [ { o9
L ﬁ
2 { 05S
O
O - (1374




3T AT BT T ST F F LTI T K A TETT X X M WU A 00y g ok T T TS IS VI LT LAY SR G Y O Y ORI U S AT WU S, L S

u
o sns BEE O BN AR ARE G O ER BB RS T ol wdn L JRE s ERS .M
. iy
” mh@«wS 9 = yjdoQq IoAT®O9Y ‘SJ919N ¥ -l \mm
. = yydeq 20anog ‘z}IAUOMY ¢°T = Aouenbaaj ‘jusasyo)d LOVA ‘¥b-VII 2andid (D) M 2
_ = i
. TVILNAAIINOD 2 7
) W
(WM) J9NVY @] u
, LL .
_ 0°08 0°9. 0°2. 089 O0°'vy9 0°09 0°9S 0°'¢2S 0°'8~r O°'V¥ o.o%v_ Z <
_. v LA v L 4 v L3 L L T O _.--d
_ . 1 oel o
i { 0¢li m
. i {011 o
I 1001
7
” 106 3 nm
) O ]
_ 08 ..um 3 M..L
) 9 A- . .\d
” 0°0% 0°9¢ 0°¢¢e 0°8¢ 0°"v¥C 0°0¢ 0°91 0°¢l 0°8 0¥V o.mv_ W_ m..m
— -*
: {oe1 2 2]
P
i 4 —
02l . w
, . {o1v & 5
>
I 1001 5 ; -
. {1 06 w 5
w

A

CONFIDENTIAL




TN T2 P TIET P O Y Y T T AT =TI

LR

- sa919I 6€ = Uldoa( IDAIS09Y ‘Sa219N TP
. = y1daqg @oanog “z3zoYo[ly ¢'T = Adousnbaag ‘jusgeyod LOVA ‘S-VII 2an31d (0)

TVILNIAIANOD
(WX) 3ONVY
0°08 0°9. 0°¢L 0°89 0'b9 0°09 0°9S5 0°2S 0°'8¢r 0°'¥b o.@ﬁi

v Y T .

-
-
<

CONFIDENTIAL

0€i
0ci
ol
i 1 00
06
08

AT R RTSTATIN TR ST W
o
e e

- 2

==
aa
.

A-61

0'0y 0°9€¢ o0°'2¢6 0°'82 0°'v¥e 0°0c 0°9I 0 2l 0°'8 [V 4 o.mv_

o
A

oe1l
- { 02l
011
. _ 1 00!

SSO0T NOIL1VOVA4OHd

n

e — T W UG R Y UL U S R T R T LB

Aom
0S
3 1%

S

CONFIDENTIAL

-

%

B
&
§
B
8




J %45 B SR RS m O FE O E32 W@F O can ERR OV ORRS WAl Lex AR T RBRY

R A T
) \l‘.:\__\

| 7
. m
“ sI9)0| 9 = Y)da( JOAIS09Y ‘SI9OW TH g
m = yadaq@ @oInog ‘z1IoyONY §°Z = Aousnbaag ‘jusIayod LOVA 9%-VII 210314 (D) < %
- %
“ TVILNIQIANOD 5 %
h (W) 39NVY _m_ “.L
” 0°'08 0°9. 0°cl 0°'89 0°¥9 0°09 0°9S 0°2S 08¢ 0°vb o.omwv_ m M
) v v — ¥ v ¥ L T - o
_ ‘ Q X
- 0€1 O .m_
| . 1 o021 By
x
, {011 i
A
” : 1 ool i
! {o6 3 \..m
08 9 e

>
| o S b
0° 0¥ 0°9¢ 0°ce 0°8¢ 0°pe 0°02 o”m_ o“N_ o..m o..v o.mv— mv._ < M
: 1oe1 2 3

] -

- 021 o

T {o11 @

- 1001 -

i {oe 2

! 1 08

134

CONFIDENTIAL
73



Pt |

WS AT TR BT A T R R TARATRLA LN

-
-

L S I W W WO IR TR UL R S T AT T TR ECTRT CITCTY

CONFIDENTIAL

S BT S A T S T

SI919| 6¢ = UIda( JISAIRO9Y ‘SJIORPN I¥

= yyde( 90anog ‘z)aayo[ly ¢'g = Aousnbeig ‘jusaeyod LOVA “Ly-VII 8andig (D)

TVILNAZAIINOD
(WX) 39NVY

0'v9 0°09 0°9S 0°'2S5 0'8r 0°bb o.oovv_

0€1
0cl
011
001

i

08

0'¥c 0°02  0°31 0 2l 0°8 0°'v o.mv_

i

o€l
1 02l
1011
{1001

n

0S

ot

NOI1lvovdodd

SSO1

(8a)

AT AR LSS AR SN YW L A G ANER S S A S SR S

CONFIDENTIAL

A-63

P LR YA
[REREALCEAN &)

$ ahs

* '.—" L]
RSk

P B S I
SRR TR Wt

‘. N e S
'\-"1'
LY

o

..‘ ~‘h - A’ - [ ." - .
PR e
LA NG LAY

s




[

g

e o T a ol Lk tat it A S TR AL SR A LA AR R R DRSS AL AR IR LR AN AN DAL N ad Dl N AR AT LN

CONFIDENTIAL

I —
g )

i

S

= yyde@ @0anog “zjadyoly ¢'¢ = Asuanbaag ‘juazsyo) LOVA

RSP X

s

$55;

I

i

...

YRR

- tala!

S99l LT = YidoQg I9A1009Y ‘SI9IOW GF

TVILNIAIINOD

(WX
0'v9

JONVY
0°08

0°8S

0°¢cS

o
i te NN

*8F-VII 2an31y (D)

1

4 g

0 0 |
0!
021

CONFIDENTIAL

b

Y

001
06

0°9¢€

0°'¢ct

0°8¢

0°02

0°91

0° ¢! 0°8

4

08

A-64

0 By
0oel
0ct
011
1 001

b

i

SSO71 NOI11VOVdOdd

(gad)

08

P le fa” 2

s e D> a e

0t

o

ettt
._l.~l-l '-_‘l.f')\-,-,\i.'

»
-

Y

s

-

At
R
'_-\n‘\_'"

2 A

o

‘-‘-
PV

e
o _,.I_-.
Mata

Ay



o« w ¥ a4

AR N 4

L T R S N . I L

e T AT WERL VML W W WTL B W BT S W UMl GE MG T MY Y AT TET KT R W

s1919] ZIT = Ulded a2A1009Y ‘SJB)ON CF
= yydaq @oano§ ‘zjaayo[ry ¢ ¢ = Aousnbaag ‘jusasyo)d LOVA

TVILNIAIINOD

(WX) JONVY

*6%-VII 2an31g (D)

0el
0cl
011
001
06
08

By

0e !
021
0tl
001
06
08
0L
03
0S
1}

0°08 oMmN 0°2¢l o”ww o”vw ouow o”mm o”Nm o”wv 0°'bvb o.ooﬁwﬁ
!
s #
5
ﬁ 1
|
0°0¥ o”wm o”Nm O1wN 0'vbc 0°0c  0°9i 0°2l 0°'8 0'v 0
ﬁ
2 1
|
<
T
2 ! |
88
o) g
L
Z : ]
o
O

SSO071 NOI1vO9VdOodd

(8a)

W | Caratae geguaspui N gh ol ol A e SRR T Staw 2 8

CONFIDENTIAL

A-65

ot

RS

SO
OO R

AR Y

-
«
A

AN

” . AN '.e_

AR S SRR

AT VS

“e v e

,q.":- s Ve :;".-\.‘:n\\ Nt T e AT -'v..."\ o vl
EACVEACR TR EELCATEE LTS PLY S P W R VS P 3N

L e RV Y
TR

Rt
NG




CONFIDENTIAL

% 1

0e !
02!
011
00t
06

SOOI - - DRSO SV N BN GO BEROES B | - EVOA AR | SR AR S A
SI919| LT = Yrdo( I9A1209Y ‘SIDION ZF
= y3de( 90aN0S ‘Z1a9YOIIN 0°¢ = AOUSNDAI] ‘IULIBYOD LOVA 0§-VII 2an31d (D)
IVILNEAIINOD
- (W) JONVY
0°08 0°9. 0°2. 0°89 O0°#¥9 0709 0°9S G°'¢cSs o°'s8y O°'¢¥ O°
g 4
b 4
:
0°0y 0°9€ 0°2€ 0°8¢ 0°'Fc 0'0c  0°'91 0°cl 0°8 0'¥ 0
f
[
e iz

08

By

0et
0cl
olt
001
06

SSO71 NOI1lvovdOdd

(84d)

A-66

i
Ol N
.t MR
SRR A AL 5

NTIAL . ..

LT

A TS
L.

FIDE

[
wlm

Q
£

%

LR
Liaiat

{0t

e e
e
i



T T T T P U W O R T TN U T OEEROUEAN DY TP I LTI T O LT TUT R TR T T M AN R RS FA T AR RO AN

ﬁ
B CONFIDENTIAL .
: =
3 3
v o
) . ) :;
g - e Samm— v C; v ’ —~ ’
3
) e 1 o
.' 4 . 4 ) 5 E:i
> . 2 '
’ ' A
.é; ) ® >
e 'y
[ q o - g .:\\'
{ - . g :‘:
E 3 ' @ 5
- »
N &
v
/ o < E w !
Q fi . I b
@ { @ ) &) ,% 8 M
e | , o I x é y‘:;
i [~} N
v ' w3
s © o n
4 . B I
>
/ J ry- Qs >
Q C\J e ;—] g 45.‘
h} i = < 30
' - om R
@ - Z RN
/ < . 4 . m n._‘ g
l ; o N L e - -8
[ i ¢ e L E 0
! T & 9%
/ T n
! [ JO Qo = U;
4 . . o]
EE / w @ OB
[
/ - H g
‘ &
! ¥ <€
‘vl j for) o By o=
/ -4 . .
N Ve

3%
\\.'
~—

o

\
~
8.
48.0
(C) Figure IIA-51
LR R AR

ST, T
-
2

\\
L0

¥l
o
44,
e I¢

., o
! N S » .:‘
W : T T U S N o T 7o R < SR e SR vt T < SR 8 L). e e I = R T - ;:" S:-j
E sty e 0y Oy - td M W o J) o - N b
%
] (&0]) (7‘5()1 N()l 1 VE,"V!“)H(! -
N '3::
- s
52
5 A-67 t
CONFIDENTIAL R
LY

L T i S e R LT iL, WYL A ML L IR R o ] - PN VL S Wl Ve AT
o e e e i e N N R e e T e e R



T Y V] VST Dy AT Y

'

_ A7 oas B

l-,
T o s Ty 47 Ve Lt o 1 -
I ) H’.\- 1 oy Yy R “rlei AR wt"ﬂ 7, \-wnn M._ -

v
«
.
»
»
»
D
i}
R
e
.
.
4
.

S TR Y RN ST N T T T B R RS P FIERL T Ty e A AT Y Aw
v

sa19j9l LT = yida(Q I9A19009Y ‘SIVOK CF — x
= yadoa( soanog ‘zjaayo[ry §'0 = Adousnbasg ‘jusageyooul LOVI °ZG-VII 2an3ig (D) .m
E o
TVILNIAIINOD 2
| (WM) 3IONVY (@)
_ W
u 0°08 o”mm oumm o.ﬁmm 2°'v9 o”om o”mm oumm o”mv o”vv o.o%v_ Z
O
! { oel &
| - 1 02!
ﬁ - 1011
| {001
06 3
O
08 v )
> s
0°0% o”wm o”Nm 0°'8¢ 0°'¥e 0°02 0°91i 90°¢1 0°'8 o..v .b.mi W =
i loel 2
—
0cl b
1o @
{001 5
06 =

CONFIDENTIAL
7




P I T T R T Y T N AR ST LY. YT Pl -
P 2
: o
. sa919| ZIT = yldoq I2A1009Y ‘SJI919N CF M Sk
N = yido@ 99anog ‘z)}IdYo[y ¥ 0 = Aouanbaxj ‘jusaayoou] LOvVI " I-VII 2andig (D) _” m
> r &
. 2 %
_ TVILNAAIANOD w r.M
' (W) 39NVY o ;
X ) w N
g 0°08 0°9. 0°2. 0°89 0°%¥9 0°09 0°9S 0°2S 0"8% 0'vb 0 o%v_ Z m..u
~!~ L L4 L I T v L L T O .‘IN‘L.
g ! 1 oel O m
~ B
b : 1 0¢! ‘
: 7
" . {oti i
: ool o5
; f i
d A

; | e 3 ]
2 ¥
¢ 8 2 2
v @ & .w.u
m 0° 0% 0°9¢ 0°c¢e 0°8¢ 0°'¥c 0°02 0°91 0°21 o..m o_.v o.mv_ ulv_ ..M
: 3 i
X . {oe1 2 ox
" B
w . 1 021 m .mm\_
- ﬁ {011 & X
v BA
w - 1 001 % .«H
w - - {1 06 = ‘
A
% -— - 1 08
B
m < 1 0.

a | { 09
m o
q an I 0S
f O ob

. L o Y o o A



4

B R ., B R R B R (IS
'y - el
: ,
A A
; o
\ SI9I9N £F = [}dd( I9AI9D9Y ‘SIIION ZF o ..“
. = yidag @o0anog ‘ziIdyony 0°'1 = LAoenbaag ‘jusaayoou] LOVA “¥S-VII aausdry (9) m \..m.
”\ | e
N TVILNIQIINCD 2 .,..M
. TR
(WX) 3J9NVY D -z
_u . . . . [ F ... -“
: 0°08 0°9.Z 0°2. 0°89 0'v9 0°09 0°9S 0°¢S 0'8y 0'vb 0 o%v_ = .wm_.
.. 0El w -
®, | L fm
"_ kX
w. ! {0e1 o
. {or X
[ { 001 o
m . 1o 3
; o o
: 08 %
.-l V 0 . &
: ) i >
: 0'0F 0°9€ 0°C2€ 0°82 O0°'bCc 0°02 0°891 0°2| 0°'8 0'v o.mv_ > < mm
’ L Ly L] T L v L ¥ L3 — .

N . {oer 2 7
: 021 & b
m | 2 3
,m ! 1011 w ﬂ
” - 1 001 S w-w
,_,. | {os 2 >
.w,_ 2 h O m ”N

; : { oL

L% RN Ry

CONFIDENTIAL

.».,,x‘,.. T e
DAY TEIIARTLIRA



T AT T YT T A T e e T Y T N T TR T T A A K R A S R Y YR S LY RN s T AT LA L T Y O LT T
: 7
1 -I.
.. 2
r -

' ..\.,
’ = ¢ A
: Sa9}9ON 1T = Qw&@n_” JDAISO0Y °"SJ9)}°N b '

= yide( 9oan0g ‘z}I9YO[IY 0°[ = Louanbaag ‘juazeycou] LOVd °SG-VII 2an3ig (D)

Tl

TVILNIAIINOD

A

CONFIDENTIAL

! (WY) FONVY o
m 0°08 0°9L 0°2, 0°89 0°y9 0°09 0°9S 0°2S 0°8y 0°'%y 0°0%, 2
.. : : : : : : . . . h
w | {1 0€l \“
w . { oz21 .w.u
: 1 {or1i 3
_. i
<. i {1001 %
" %
N i 106 3 X
_“ 08 9 “
! > —_ rmu
: ® ~ g
m 00y 0°9¢ 0°2¢ 0'82 0°¥2 0702 0°91 0°2l 0°8 0% 0°f9 3 < 4
“ Py [s
- {oer 2 p
m . . -

M 021 [ %
M . {orr & ;
‘ I 1000 5 P
‘H =

w .AL i 106 =

: - ! 1 08

“

. & r {02

AT

= . { 09

BT

; W , / 05

)

;O oY

!

\

PR | BRSSO 1 1. < B | &7




Y T T S e s luth a ob o { Lo ReAuniy Lhan 8 5 ¥Rk s oot g asdseng e | oo tolede oeme f  ASSFIACRNERR Y SR SR .1\il)ﬂdu-ﬁ-u--:!!q1.4w..
& A
\ 1T v BFE B5ROEA T vy THE TFER R OFs BRGS0 v wdy S IE T f 1930 sw.
' . £
: ,x
¥ "
5 .y
w SI9ION 9 = Y1da(q J9AI009Y ‘SI9IBN T - .\.m
4 = yidaq 9oanog ‘zjaayory G°1 = Aousanbaag ‘jusgayoou] LOVI °96-VIil aansig (D) ..AI ~
2 \ E
TVILNAAIANOD m koY
(WX) 3JONVY o
[ - P4
”. 0°08 0°9. 0°'2. 0°89 O0°'v9 0°09 0°9S 0'2S 0°'8y 0°'¥b o.o%v_ W 1“
2 ’ ) ’ ) ’ j ) ) ) S
' O =
".M i h O m — C .w.
”tk b h o N — ..m
v 5
v - 1011 v
I\-
A ! 1001
w 06 I ..mm
z %
! 08 o
iy W ~
Wn . . . . . . . - . . . V J p-‘\
Y 0°'0d 0°9¢ 0°c€ 0°8¢ 0°vc 0°0¢c 09l 0°cl 0°8 0¥ 0 mv_ 3 < w‘
L — :
: , {oe1 2
3 ﬁ : -
; 0c1 %
m_ - | 1011 o
"
P - 1000 35
m i 1o 2
A -

M ! 1 08

m . i 0L

g i { 09

™ i ]

nNU 0S

184
&

AP | AP { SRR e TS |



Q?WWVHM'J'JMV TERRP. AL EAR CH PR TS MM TR M THAN Y R T S A SV Y S Y ST RV
in

o o
v \j Y - .2 Y . 2 g g *]
o o
. v ®
83
) o o el
u p o Jo a
j (o} w0 o
() ~~ (=]
) ‘
8 ;
X = = 3
N N .
) (] M~ N
L‘§ -
LU F-‘
2
ie < .
) ® ® &
j N w0 0 =
" . Q
- =
n o
o o %u':
B I 3
g &
o o 2 =
; = f_ﬁ‘ g%
N o o ¥ B &R
4 - . - z m&;
o <yl E‘ J.E
o w O - =IT)
= o
| Z = a0
< gﬁﬁ ]
e 4. . 0
i-“:“ w0 (do} 53
- w TR
0=
< -
g o [a>) By <0
N A :
- n P
|
?, <
A o =
-o 4 o 2
° Q©
3 ® v =
o
%
~~
. ) O
g 1o i{. ~
° <
< <
K
.1 (]
d . - " A - i o eded s I . " N
T N = = = = = = == =) o © o ¢ o < X
g to W ) o — N M T w o o (USRI

(8d) SSOT NOILlVOVdOodd

H A-73 CONFIDENTIAL

ALY

I il

N T e e e e W e T T e e SR TR e T T e e e e TR S T T n TN S g s T T
RAYIRNY XTI s St VRO K Vol '.“:f..'nf.'.ﬁlft.g‘.:.,'-.'\_\f'.‘:'-f'-";- :‘-,;-‘ﬁ'-d.‘\-l{“-ﬂ




AT T B T B SA RS W AL IBE TR BT i) e SAY sz qE) fews B
g
;
"
" SI9)9| 9 = Y)doQg ad2A1909Y ‘Sad)eo| 1b 1A-
w yjdo @0anog ‘zjreyolry ¢z = Aousnboag ‘jusaeyoou] LOVd °8S-VII 2an3id (D) _”
r TVILNAAIINOD m_
: (WX) J9NVY a
; . . . i
3 0°08 0°9.L 0°2. 0°89 0°v9 0°08 0°95 0°2S 0°8y 0¥k 0°0h, >
. . ’ )
- { o€l §)
-
2 ! { oz
.m ! ot
| ] 001
.
- ) o
4 [ 06 2
3 08 T
" > <
4 . . o D
3 0'0F 0°9€ 0°2€ 0°82 0°b2 0°02 0°91 o0°2t 0°'8 0'p 0°8,, 3
Tu v 1) v L) L] Ll L L L —
: : {oe1 2
; o
W i 1011 )
w s 1001 5
w ! fos ©Z
‘ —
¢ . 1 08
| _.N. I {102
. B ! KE

m 1 1 0S
; Q 0b
r O

R A 3, ga g adg, Bl ek I, i oo ot R 5 3t S e P ol g M RGN R st i AR L LY At st w2, e ad

‘

EHLY

-
0

P

LYy

PSR A

-

ot

e
)
- KL

o

~

“»

- <
2’ :‘ w.

N e

N

Y

AN,

el

.

.

2T

L]

d -“!.!'\ .’; . : '

Y,

-
h)

i)

o

al

- -
P



:
4]
/
r

/
’
-

NI el I TARAAL | ARl Teue s S
PRI |  XININT\ | YAoK | - CRREREER| - Sorcrodd) 14

sI919[ 6¢ = U3da(Q I9A1909Y ‘SIS1N ¥

= yideq 90anog ‘z3a9yo(ly ¢z = Aouanbaag ‘jusxeyodul LOVA °6G-VII 2In31I (D)

SN T

I N N N Y

Tl T

W LTELTRY LN SR LT T

TVILNIAIINOD
(WXY) 3ONVY
o”mm o”vm o”om o“wm o”Nm 0 8% 0" v¥ o.oovv_
1 0€1
0c1
1011
1 001
{ 0o
08

LIRS ]

g

FaTs TTAELEL R,

L RYE G TG e PR M N VR PR T

CONFIDENTIAL

[ B e }
o o

(9a)

R A EE W e BD %2 E T @5 AR

\!

s

« :*
' *a

Wt

N

.

"

L

-

O

+*

S5

f

LYY

CONFIDENTIAL
-

P

T T e e e e
.2 B PRl DR IR

A-75

“m e o .
o

-3

SSO7T NOI1vovdodd

MPETEN
ol

-



7

w b TR - A 2 Lt B wAS AHE 55w W7 o0 vk e spn MEF i E
8
5
> SIOIOIN LT = Uido( JSAI0I9Y ‘SIOIBN GF -l
w. = yjdo@ 90anog ‘ziIayo[ty ¢ ¢ = Aousnbaag ‘jusaayodu] LOVA °09-VII 2an3ti (D) m
» -
m TVILNAAIANOD 2
v. 91 ]
5 (WX) FONVY o
w 0°08  0°9Z 0°'2L 0°89 0°'v9 0°09 0°9S 0°25 0°8y 0'vy 0°0% nNu 3
X . 0g ! o
: v 1021 fx
A Y 1o 7
w i {1 06 % ﬂ.m
X 08 ° 2
A & D
. . . <L T
: 0°0y 0°9¢ 0'26 0°82 0°'v2 0°02 0'91 0’2l 0°'8 0¥ 08,1 3 &
. = o
A | {oe1 S mm
2 ¥
;
: 021 T “.un
: oIl & “
: -
001 5 |
| 1o ©
——— o 9 Om ..\-
= .
pd , {02 ’
L X
o . 108
F . »
N L O m ;
S ob




sa e el
p s s
e |

v

WYL,

Y
»

Tl ARV ] Ottt | KA | WOGIATY | AR Rar | EE g K5

SI919 ZI1 = yydaqg aoA1009y ‘SI9I9N S
= yidaqg ooanog ¢z1aayolry ¢'¢ = Aousnbaag ‘judxsyodul LOVA

TVILNAAIINOD
(WX) 3JONVY

0°'v9 0°09 0°95 0°2S

*19-VII 8andig (D)

v v

e

P

A A

CONFIDENTIAL

o a2 i Nad ol & bad i oy ot ad af dd A4 S SLAL SRR AR Wl el L by g INECARE R L AT AL WL L SUNE M Al 2E ol A W

£ G 555 O TS BE S5 ES

AEATIAR] VPR T

0 %%

0E |l
0cl
011
001
06
08

0 Br

0el
0cl
ol
001
06
08
0L
09
0S
134

DA

™

<

.

ey

L

a Tm

"N

N.OA "y

At
.

.t A"
SN
oin

N
L

CONFIDENTIAL

NV

ki

AT
MEWLS

i

Y
LA Al

\-_. o

-

A-77
‘,;::_-_"

SR
RN LN

"

SSO0T NOI11vO5VvdOodd

O<

3
|

[ %%

Ty

(8a)

.
|

I

RS

(S

PR

3

- - 1.' \‘,' .
W o

TN,
Lol

25

oY

0 ey .l
.



AT A VAL RANO YL T R NNl Bl BLEHLBLELR LY et ta PaBBELPA PR ™ Wi T Tl e TN e e s el e

CONFIDENTIAL

e — e ad

o
] - he e v - v "> v v . - +~ —~— \
[e»)
i < T
!
i il 5
| < =
< . 4 . a -
w L [
(4] Fe (=] &
>
o < ] he: il
R ¥ : $ s
¢ J N o
£ o
0 T
© ) -'g -t
L - 9 a g
Q QG -
' ™ < ©3 %
/ w = N
/ o - e
/ i{. . gs i g
/ <r T ] o H
N oo Tl
- =Y
-~ S 818
= P
R E_. [ 1
< o T E Ey ol
o SO - TP
/ N © r = B9
| SE B8
/ < g 2« s
o o X D 0O -
- . - 8 gj‘
0 o - Q '5,“ ‘
- ok = &
<
o o By
. 4 . {
N N o s 1
— [t (?
= g
o = p)
© ' o !
- . 4(x' :"
, ® : 5 .
/ o9 .
/ —~ "
/ &) Q
J O N
. . i
/ < 1 =
J/ \ »
Y N — N " D " . R
P S S S 5 S < SR S SR b S = SR b o S = T = T - S < S S RN .
b SR SO TS O A SN (2N B A C") AN O O O - Ny T -
o
(H]) 3507 NOTLVOVJOdd
o

e

w78 CONFIDENTIAL 12

.

TSR RIS Lo O TR SR AT LA UG DS RO CORR R LA, 08, SR N RS



AWETE TS F T e AN WATENLTSAMA N P TN T T T Y T VT T

= CONFIDENTIAL

PR

[} SV

¥
e

Ly

“

LI B S

AT Y

AT T N A A T IR N T e T A T AT AT T R IR AT T T AT AT Rt T AN AT TN A NA

| ; ]
, <
. 4 . +
L . ol
48 - [}
o, Q
| g
. . =]
. . o
, - /2]
4] o
)
2]
2
[ . )
. . p—
ot
15 ¢ ! 4]
[QM ~ o
w
< , il
D -
Cd e

42 Meters, Receiver Depth = 112 Meters

)
9]
8
= 3
< o
=k
D
; C? T4 A +~=
¢l Lot =8
e [« ]
. Tz 3
o Q=
' D [, 193 o 8
4'.1 4 . L . c
! o ~~ —t
! o ' -
/
; < (4%
; N : o
J - H o
§
N
by
i, -
') | . Q
. v =~
v .- ED
o
<)
~
(S . 8
-+ o
i
- A A “ R s d—— J
> « . ] (S0 W] o ! .
N AF r a D ’ ! :
SR IRV IF I S i LV SRR RS TR P

A-79 CONFIDENTIAL

SRR SIS {2 ISR SIS A A LS TR AU ARV AV M HOS G RSRSAS O



R IR AR LD L ST TEAR TG T T e M W VoW W o7 WL 70 A Wt T T PV T T T T T T 3 P P ™ e a™ vty e e R LY U T N 1

CONFIDENTIAL 0l

| AR

THIS &
PAGE

INTENTIONALLY §

LEFT

3

BLANK g

» e
-’

¢ 15

DN

A-80 CONFIDENTIAL .




T of

Y

Z.

e S R A SL VY RARRATEY

TN R .. AT T

SRR A A L X AT T T e AT BN _m .

A R A A LR A LA A R T8 LIRS, T TSI ]

CONFIDENTIAL

Appendix 13. Accuracy Assessment of FACT PLAD Compared

to HAYS-MURPHY Mediterranean Experimental Data (U)
et e e ————————

HAYS-MURPHY (U)

Environment (U)

(C) The Hays-Murphy data used here were
collected in the Alglers~Provencal Basin
of the Mediterranean Sea over a distance
of 200 km of what {s termed the St.
Margarets run (Martin, 1981). The St.
Margarets run was much longer but the
flat bottom assumption of range inde-
pendent propagation loss models was vio-
lated past 200 km. The sound speed pro-
file is plotted in Figure IIBl. The pro-
file 1s essentially bilinear with the
minimum at 61 m. The critical depth is
18% m indicating a depth excess of ap-
proximately 850 m.

(C) Two sets of bottom loss tables were
used as input to the FACT PL9D model.
The first is FACT's internal FNOC/NOO
bottom loss found in subroutine BTMLOS
and, in the six cases examined, an FNOC
Type 3 bottom was found to pertaln at
the site of the recelver. The second set
of bottom loss curves are the MGS curves
found in Subroutine MGSBL in the RAYMODE
X model, and for the Hays-Murphy cases,
MGS Bottom Type 2 was used. These curves
were input into FACT PLYD from an exter—
nal table. The six cases of Hays-Murphy
acoustic data cover four frequencies:
35, 67.5, 100, and 200 Hz. For the low-
est three frequencies, a single bottom
loss curve is found from each of the MGS
and the FNOC sets of curves. The FNOC
curve for 150 Hz and less 1is listed in
Table IIBl; the MGS curve for 100 Hz and
less is given in Table IIB3. The FNOC
curve has a critical angle of 12°, 1 dB
loss at 15° and 10 dB at normal 1inci-
dence. In comparison, the RAYMODE based
curve has a critical angle of 9 degrees,
1.6 dB loss at 15 degrees and 8 dB loss
as normal incidence. The bottom loss
curves for 200 Hz are given ian Tables
for FACT and RAYMODE,

IIBR2 and IIB4

B-1

-,

A P RPN
s (Y e . [ « e AT,
it e e T e e

respectively. From FACT, the bottom loss
has a constant value of 3 4B at 14
degrees, 3.3 dB loss at 15 degrees, and

11 dB loss at normal 1incidence. From
RAYMOLCE, the 1loss is 1.1 dB at 0
degrees, 2.7 dB at 15 degrees, and

8.3 dB at normal incidence.
Test Cases (U)

(C) Six test cases were chosen for ex-
per imental data/model comparison:

Case Source Recelver Freguency

Depth Depth (Hz)

I 24,4m (80 1) 137.2m (450 1) 35,0

11 24.,4m (80 1) 137,2m (450 ft) 67,5
I1H 24,4m (80 f+) 137.2m (450 ft) 190,0
1V 24.4m (80 f+) 137,2m (450 1) 200,0

V. 24,4m (80 ft) 106,7m (350 ft) 35,0

VI 25,5m (80 1) 106,7m (350 f1) 100,0

CONFIDENTIAL

(C) The experimental data for the six
cases 1s given in Figures IIB2-IIR7. The
experimental data for these cases show a
frequency dependence whereby in going
from 67.5 to 100 to 200 Hz the propaga-
tion loss increases by approximately 6
dB. There does not seem to be a signif-
icant frequency dependence in going from
35 to 67.5 Hz. In comparing Cases I with
V and case ITII with VI there is not a
significant recelver depth dependence
over the 30.5 m depth difference. In all
cases the data 1s free of convergence
zone structure but shows fluctuations of
4-5 dB in the first 100 km modulating an
overall decrease of about 10 dB and 2-5
dB  fluctuations modulating an overall
decrease of 2-5 dB in the second 100 km.
The Hays~Murphy data results from 1/3-
octave analysis of explosive detona-
tions. The frequencies given are the
seometric mean frequencies of the 1/3-
octave bands.
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-‘(}f.; Accuracy Assessment Results (L) Hays-Murphy data, (6) FACT PL9D output )
:%{;g using the incoherent option, and (7) the
S (C) FACT PLI9D results for the coherent incoherent result subtracted from Hays~
option show a Lloyd Mirror interference Murphy data. These seven curves are @
effect to about 20 km at 35 Hz and given first for all cases where FACT
interference with 40 km periodicity to PLY9D was run with its own internal bot- ‘
160 km at 200 Hz. Overall, the span of tom loss and then for FACT PL9D run
values covered in ea. 100 km interval using the MGS bottom loss curves from -
is similar to that of the experimental RAYMODE X. The plots are given as ok
dats. The semi-coherent FACT results are follows:
somewhat smoother but reveal the same o
basic pattern. In the incoherent results Case FACT (1,e,, FNOC) RAYMODE (1.,e,, MGS) i.‘:}
the Lloyd Mirror pattern is suppressed Bottom Bottom
but the longer periodicity (approximate- Q
ly 40 km) 1is still present and in the | Figure 1!B88-11814 Figure |1B50~11B56 N
contex: of this data represents downward ] Figwre |1B15-11821  Flgure 11B57-11863 =8
steps of 5-12 dB for the first step and I Flgure !:822-11B28 Figure iiB64~11B70 N
3-10 dB for the second, the largest ] Figure 11829-11B35 Sligure |IB7 -11877 2
steps at 200 Hz and the smallest at 35 v Figure 11636-11842 Fligure |1B78-11B84 !
Hz. The overall trend, however, remains vi Figure 11B43-11B49  Figure 11885-11891
a 10 dB decrease in the first 100 km and - W
a 2-5 dB decrease in the second 100 km CONFIDENTIAL '
' loterval.
’bt‘{, (C) In examining the means and standard "
’,._',Lj (C) The accuracy assessment procedures deviations of the difference between S
b}. applied to the FACT outputs and the ex- Hays-Murphy data and FACT PL9D outputs, >
AN perimental data are deccribed in section the following conclusions may be drawn:
1.1 of this volume and in greater detail E
in section 5 of Volumne I of this series. (1) In all cases the model exhibits =
‘_-u".’; Fer these rases, nd significant propaga- greater loss than dces the experimental )
(':‘E: tion loss features are evident in the data (indicating that the model predic- .
; ; experimental data and for calculation of tion 1s overly pessimistic). Bottom ’
f“.f statistics of differences from model perameter measurements near the site -
ﬁ results, arbitrary intervals of 0-25 km, (DiNapoli et al., 1972), when converted
e 25-50 km, and 50~-200 km were selected. to bottom loss via a Rayleigh model |
','.:',“j The mcans and standard deviations of which incindes attenuation in the bot- BN
‘::"i differences between Hays-Murphy experi- tom, result in a bottom loss curve with |
:5':, mental data and FACT PLSD model outputs a critical angle of 20° and a normal in- =
‘::.j are found 1In Tables IIB5Sa-c for the cidence loss of 5.9 dB. This is clearly o
cohevent, semi-coherent, and incoherent lower the~ either the FACT cr RAYMODE -
ﬂ rasults, respectively where the FNOC loss and 11d likely eliminate much of .
Y bottom loss was used. Similar results ia  the off. within the first region S
t‘{:: whirh FACT PLY9D used the MGS botton loss ({.e., to 25 km). s
AN are given in Table IlB6a-c. The follow-
:.-:', ing figures were produced for each case: (2) In the N to 25 km intervai the
- standard deviations range from 4.0 to a7
% (1) FACT PL9D using the coherent coption, 6.3 dB for coherent predictions, 4.0 to -
:-:{J. (2) chis ccherent result smoothed by a 7.9 dB for semi-coherent results, and .
j-;._f running average of 3 points (i.e., a 2 1.6 to 2.3 dB for incoherent results. \'
- km window), (3) the smoothed coherent The low standard deviation of differ- R
'__:.,-::j result subtracted frcm  Hays-Murphy ences fo:r the incoherent results is due
s X experimental data, (4) FACT PL9D output to their lack of Lloyd Mirror interfer- ol
L“.,_{ using the semi-coherent option, (5) the ence, a lack al.~ noted In the Hays- t_‘_;
._\«:C'_- seni-coherent result subtracted from Murphy data. )
% w
""-". X o
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(3) Aside from the first d1interval,
standard deviations of differences are
in the 1-3 dB range.

(4) There is no significant difference
between use of the FACT bottom loss or
RAYMODE bottom loss.

(5) The agreement between model results
and Hays—Murphy data 1s best at 200 Hz
and significantly better than results
for the other three frequencies. We re-
call that the three lower frequencies
all used the same bottom loss table and
that the difference in bottom loss pro-
bably accounts for the improved result
at 200 Hz.

Mote: This applies only to the first
bottom bounce region (i.e., to 25 km)
beyond which bottom bounce 1is not a
significant contributor.

(C) The figure of merit (FOM) vs. detec-
tion range analysis for the six Hays-
Murphy cases are given in Table IIB7
when FACT uses 1its own bottom loss and
Table IIB8 when FACT used RAYMODE's bot-
tom loss. For an FOM of 75 dB, the FACT
PL9D model consistently predicts maximum
detection ranges of 1-2 km, regardless
of coharence option. The Hays-Murphy
data, however, show continuous coverage
to ranges between 17 and 42 km and par-
tial coverage to hetween 37.5 and 47 km
where, in most cases, the coverage is
zonal with coverage between 10 aund 90%
depending on the case under examination.
For an FOM of 80 dB, the range of con-
tinuous coverage for the Hays-Murphy
data was between 42 and 55 km. The cor-
responding raange for FACT was 1.5 to
20 km. The partial coverage ranges for
Hays-Murphy data varied from 52-115 km
compared to 24-47.5 km for FACT. For an
FOM of 85 dB, Hays-Murph, continuous
coversge ranges from 54 to >200 km; cor-
responding values for FACT were 1.5 to
47.5 km. Partial coverage for Hays-
Murphy data ranged from 127 to >200 km,
whereas for FACT the range of values was
49 to 8l1.5 km. For un FOM of 90 dB,
Hays-~Murphy data 1indlcates continuous
detection coverage over the entive 200

\{‘... e

-

w“ll"‘-","'W" 1"1‘.“‘1"'7"'\"‘“ l"\‘l‘&‘i ‘:“.“"'“"n‘.'(-

B-3

fatla \L.uk_ - m..m.s.fdm.m ‘4.."._ a2 ,.ILJ., .c cal -LJ\LSA: ‘.c. .e_

km interval in all cases. In contrast,
FACT predicted continuous coverage
ranges from 2 to >200 km and partial
coverage from 121 to >200 km. For per-
centages associated with the partial
coverages at the varlcus FOMs and for
greater detall on a case-by-case basis,
the reader 1s rererred to Tables IIB7
and IIBS.

(C) General conclusions based on compar-
ison of FACT PL9D outputs with Hays-
Murphy experimental data follow:

(1) Significant differences in mean
levels were primarily responsible for
pessimistic detection range predictions
by the model. These differences appear
ts be attributable to the bottom loss
inputs within the first 25 km. Beyond
this range differences are as greal and
unexplained, but bottom loss is not a
factor. It is to be noted that for this

gcenario, FACT and RAYMODE bottom 1loss
inputs 1lad to essentially the same
results.

(2) Large differences in the first 25 km
were caused by semi-coherent and coher-
ent predictions of Lloyd Mirror inter-
ference patterns absent in the Hays~
Murphy data (possibly due to the broad-
band (i.e., one-third octave) analysis
of same). Once Aagain, this disparity is
not felt to represent an error in the
model.

References (U)

1. DiNapoli, M. R. Powers, R. C.
Jennings and D. J. Ryan (1972). Acoustic
Model for an FBM Sonar Trainger: Part I-
Low Frequency Acoustlic Propagation (U).
NUSC Technical Memorandum No. PA4-02-72.
CONFIDENTIAL.

The Acoustic

2. Martin, R. L. et al.
Model Evaluation Committee (AMEC)
Reports. Volume TA. Summary of Range

Independent Environmental Acoustic Prop-
agation Loss Data Sets (U). Naval Ocean
Reseasrch and Development A:tiity Report
No. 34. CONFIDENTIAL.

CONFIDENTIAL

Ay .r ‘e .n"‘.)l.".)l" "i“( \'l‘.n P

" v»\r v, r r\ ‘_r“r\\*q

}Jh,'i%‘ Yo "

e N R 4
2

P
At faly

P

.
]
b

2

T

| 2

‘I

-
[y
_r

«
L

S

T

£ 4
. "s

o ':"_a" F4 . x:

e
ptal

4
.

.

L B A
i { AR

oy
»
a

Py

NN |
LFLIPL LI R N 'V

3

t

e

[ ol

‘;
b Sex

é:_-

-,



TN TR YER T P S YN S AR MV RN NS TE TR TR TR TR TR R TR TG TR R R TR R SA T PN TESNIN TR AT RSN

| N0

CONFIDENTIAL E

“ -
¢ A
:’1 S
Y k|
= i
l (U) Table IIB-1. Botiom Loss in 28 Versus Grazing Angle in Degrees. ﬂ |
& FNOC Bottom Trie 3  ¥oaguency < 150 Hertz. I
N i — ‘
o BL . N

0 0.0 =

11 0.0 o
20 3.0 o

25 4.4 s

=

35 6.7

45 8.5 o
56 10.0 B

90 10.0 4

|
UNCLASSIFIED o

&

(U) Table IIB-2. Bottom Loss in dB Versus Grazing Angle in Degrees. u

FNOL Bottom Type 3. Frequency = 200 Hertz.

o BL

i 13 3.0

f. 20 5.3 o
‘.'5 -4

5 35 8.7

R 45 10.3 .
Y 53 11.0 S
% 90 11.0 |
¥ o
'\n _." !
X UNCLASSIFIED o
o !
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3
3 g |
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(U) Table 1IB-3. Bottom Loss in dB Versus Grazing Angle in Degrees.
MGS Bottom Type 2. Frequency < 100 Hertz..
e | BL | e |BL |e |BL [e | BL |6 |BL | © | BL
,
0 0.00 15 1.92 30 5.23 45 7.25 | 60 8.28 75 8.54 h
1 0.00 16 2.19 31 5.40 46 7.34 | 61 8.32 76 8.54 1
2 0.00 17 2.45 32 5.57 47 7.44 | 62 8.36 ' 8.52 ’
3 0.00 18 2.70 33 5.73 48 7.53 { 63 8.39 78 8.51
4 0.00 19 2.95 34 5.88 49 7.61 | 64 8.42 79 8.49 {u
5 0.00 20 3.19 35 6.03 50 7.69 | 65 8.45 80 8.48
6 0.00 21 3.42 36 6.17 51 7.77 | 66 8.47 81 8.45 :
7 0.00 22 3.65 37 6.31 52 7.84 | 67 8.49 82 8.43 i
8 0.00 23 3.87 38 6.45 53 7.91 | 68 8.51 83 8.40 j
9 0.14 24 4.08 39 6.57 54 7.97 | 69 8.52 84 8.37 ’
10 0.46 25 4.29 40 6.70 55 8.03 | 70 3.53 85 8.33 :i
11 0.77 26 4.49 41 6.82 56 8.09 | 71 8.54 86 8.30 \3
12 1.07 27 4.68 42 6.93 57 8.14 | 72 8.55 87 8.26 d
13 1.36 28 4.87 43 7.04 58 8.19 | 73 8.55 88 8.21 ‘
14 1.64 29 5.05 44 7.15 59 8.24 | 74 8.55 89 8.17 }
4
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(U) Table IIB-4. Bottom Loss in dB Versus Grazing Angle in Degrees. >
MGS Bottom Type 2. Frequency = 200 Hertz.
e |BL |e | BL |e |BL |e |BL |e | BL | e | BL “
/ 0 1.08 15 2.88 30 5.51 45 7.16 | 60 8.08 75 8.43 ‘%
1 1.12 16 3.09 31 5.65 46 7.24 | 61 8.12 76 8.43
2 1.15 17 3.30 32 5.78 47 7.32 | 62 8.16 77 8.43 "3
3 1.19 18 3.50 33 5.91 48 7.40 | 63 8.19 78 8.43 >
4 1,22 19 3.69 34 6.03 49 7.47 | 64 8.22 79 8:43 L
5 1.26 20 3.88 35 6.15 50 7.54 | 65 8.25 80 8.43 e
6 1.29 21 4.07 36 6.27 51 7.61 | 66 8.28 81 8.42 -
7 1.32 22 4.25 37 6.38 52 7.67 | 67 8.31 82 8.41
8 1.35 23 4.42 38 6.49 53 7.73 | 68 8.33 83 8.40 .
9 1.48 24 4.59 39 6.60 54 7.79 | 69 8.35 84 8.39 '.
10 1.73 25 4.76 40 6.70 55 7.84 | 70 8.37 85 8.38
11 1.97 26 4.92 41 6.80 56 7.90 | 71 8.38 86 8.36 :?.:
12 2.21 27 5.07 42 6.90 57 7.95 | 72 8.40 87 8.34 o
13 2.44 28 5.22 43 6.99 58 7.99 | 738 8.41 88 8.32 =a
14 2.66 29 3.37 44 7.08 59 8.04 | 74 8.42 89 8.30 E
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F (C) Table IIB-5a. Means (u) and Standard Deviations (0) in dB of L
=) Differences Between Hays-Mur;ihy Experimental Data and FACT PL9D 0%
Coherent Model Output.! Bottom Loss = FNOC Type 3. .:::;
5
Case|Fraquency |Source Receiver 0-25 km 25-50 km 50-200 km ,_,i
E (Hz) Depth (ft)|Depth (ft) M e m o m g %!
5
j I 35.0 80 450 -11.1] 4.5 -6.7 | 2.6 -6.0 | 1.8 IE‘_‘
= I 67.5 80 450 -12.2/6.3 | -6.1{ 3.3 | -5.9| 1.3 j
I | 100.0 80 450 -10.6 [ 4.9 | -4.3 | 3.2 | -4.3| 1.5 o
IV 200.0 80 450 -7.51] 4.1 -3.4 3.0 -3.0 | 2.3
[5-3 v 35.0 80 350 -9.0 6.3 -6.6 | 1.7 -5.3 | 1.6
VI 100.0 80 350 -9.2| 4.6 -3.9 | 2.8 -2.9 | 1.7

1. Smoothed by application of a 2 kilometer window moving average.
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(C) Table IIB-5b. Means (p) and Standard Deviations (g) in dB of
‘ Differences Between Hays-Murphy Experimental Data and FACT PL9D
| Semicoherent Model Output. Bottom Loss = FNOC Type 3.

2 |

Case|Frequency| Source Receiver 0-25 km 25-50 km 50-200 km C

}_1 (Hz) Depth (ft)|Depth {(ft) u o m P m o g
| I 35.0 80 450 -11.0 |5.5 | -6.7 | 2.6 | -6.0 | 1.8 =

E.:j 11 67.5 80 450 -9.9 /6.0 | -5.7 | 3.0 | -5.9 | 1.3 =
N e
bt 111 100.0 80 450 -9.2 |5.4 | -4.4 1 3.2 | -4.3 | 1.5 yoy
rx v | 200.0 80 450 -5.9 [4.5 | -3.0 | 2.4 | -2.9 | 2.3 :;:;3
(= \ 35.0 80 350 -9.0 (7.9 | -6.6 | 1.6 | -5.3 | 1.6 i!
. VI 100.0 80 350 -8.1 5.8 | -3.5 [ 2.4 | -2.9 | 1.7 :“
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(C) Table IIB-5¢. Means (M) and Standard Deviations (0) in dB of
Differences Between Hays-Murphy Experimental Data and FACT PL9D
Incoherent Model Outpui. Bottom Loss = FNOC Type 3.

)

N

Case|Frequency| Source Receiver 0-25 km 25-50 km 50-200 km E;‘,
(Hz) Depth (ft)|Deptix (ft) M a u . m o

I 35.0 80 450 -9.5 | 2.2 -7.0 | 2.6 -6.4 | 1.8 ?

! II 67.5 80 450 -8.8 | 1.8 -7.1 | 1.8 -7.1 | 1.2 o
2] III 160.0 80 450 -6.7 | 2.3 -4.6 | 2.2 -4,6 | 1.5 e
.ﬂ v 200.0 8¢ 450 -4.9 | 1.8 -2.1 | 3.4 -2.6 | 2.4 .j i
! v 35.0 80 350 -7.9 | 1.3 -6.5 | 1.7 -6.0 | 1.7 ..
% Vi 100.0 l 80 L 350 -5.6 | 2.2 -3.5 | 2.2 -3.3 | 1.7 ;{;
3 .,
i CONFIDENTIAL o
o 5
] i
w
w 1
> (C) Table IIB-6a. Means (M) and Standard Deviations (0) in dB of 3

Differences Between Hays-Murphy Experimental! Data and FACT PL9D L
N Coherent Model Output.1 Bottom Loss = MGS Type 2.
'H! L‘; |

H o |
:t-: Case |Frequency|Source Receiver 0-25 km 25-50 km 50-200 km ) !
i (Hz) Depth (it)] Depth (ft) M a m o i o R

— 9!
\ I 35.0 80 450 -10.7( 4.0 | -7.0| 2.6 | -6.3] 1.8 T
hY
~ II 67.5 80 450 ~11.7} 5.5 -6.4 | 3.1 -6.9| 1.3 -
: II1 100.0 80 450 -10.0) 4.9 -4.4 3.2 -4.4| 1.5 _1 :
i“ IV | 200.0 80 450 -5.4| 4.1 | -2.3| 2.8 | -2.4] 2.2 o
R v 35.0 80 350 -8.%| 5.6 | -7.1| 1.7 | -6.3] 1.7 =
- VI 100.0 80 350 -8.6) 4.5 -3.9 | 2.9 -2.9] 1.7
*, ""
; 1. Smoothed by application of a 2 kilomater window moving average. :
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(C) Table IIB-6b.

Semicoherent Model Output.

o Cint bt L I AL S A B A et b R B Dl LA G0 BRI 8 R (T R e B B B R A A RN L L R A

Means (#) and Standard Deviations (g) in dB of
Differences Between Hays-Murphy Experimental Data and FACT PL9D

Bottom Loss = MGS Type 2.
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Case|Frequency| Source Receiver 0-25 km 25-50 km 5G-200 km
(Hz) Depth (ft)|Depth (ft)| u o M o u c
I 35.0 80 450 -10.7] 5.1 -6.9| 2.6 -6.3| 1.8
II 67.5 80 450 -9.6| 5.4 -6.0| 2.9 -6.9| 1.3
III 100.0 80 450 -8.71{ 5.1 -4.5| 3.2 -4.4| 1.5
Iv 200.0 80 450 -3.71 4.0 -1.9} 2.2 2.4} 2.1
\' 35.0 80 350 -8.71 7.2 7.1 1.7 -6.3| 1.7
VI 100.0 80 350 -7.71 5.8 -3.5| 2.5 -2.9| 1.7
CONFIDENTIAL
(C) Table IIB-6c. Means (M) and Standari Deviations (@) in dB of
Differences Between Hays-Murphy Experimental Data and FACT PL9D
Incoherent Model Output. Bottom Loss = MGS Type 2.
Case |Frequency| Source Receiver 0-25 km 25-50 km 50-200 km
(Hz) Depth (ft)|Depth (ft)[ u 0 m o u o
I 35.0 80 450 -9.3| 2.3 -7.3 1 2.6 -6.8 | 1.8
II 67.5 80 450 -8.6 | 1.7 -7.4 | 1.7 -7.6 | 1.3
I11 100.0 80 450 -6.5| 2.0 -4.9 1 2.2 -5.0 | 1.6
Iv 200.0 80 450 -3.0| 2.1 -1.4 | 3.0 -2.2 1 2.1
\Y 35.0 80 350 -7.71 1.6 -6.71 1.7 -6.4 | 1.8
VI 100.0 80 350 -5.41 2.0 -3.71 2.1 -3.7 | 1.8
CONFIDENTIAL
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(C) Table IIB-T7a.
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions

Bottom Loss:

Detection Range in Kilometers as a Function of

Case I:

(Source Depth = &0 ft., Receiver Depth = 450 ft., Frequency = 35 Hz).

FNOC Type 3.

——
Hays-Murphy

85 130.5

Data Set rom | R Range > R
Hays-Mui phy 75 25.5 | ZDC? 60%, 25.5-44 km
FACT Coherent 75 1.0

FACT Semicoherent 5 1.5

FACT Incoherent 75 2.0

Hays-Murphy 80 54.5 ZDC 50%, 54.5-93 km B
FACT Coherent 80 1.0 ZDC 60%, 1-32 km

FACT Semicoherent 80 1.5 ZDC 50%, 1.5-32 km
FACT Incoherent 80 21.0

_ 1

ZDC 50%,

130.5-172.5 km

FACT Coherent 85 2.0 100% coverage, 4-52 km
FACT Semicoherent 85 1.5 ZDC 85%, 1.5-48 km
FACT Incoherent 85 47.5

Hays-Murphy 90 > 200.0 .

% FACT Coherent 90 160.5
o FACT Semicoherent 90 162.0
;,F; FACT Incoherent 90 161.0
tj."f 1. Rc = Range to which detection coverage is continuous.
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2. ZDC = Zonal Detection coverage in percentage of the indicated range interval
for which detection is possible.
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(C) Table IIB-Tb. Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
Case II:

(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 67.5 Hz).

Bottom Loss: FNOC Type 3.

1‘_:.;‘
-
b St

1

r & Y
v Si LL'_:_'L

Data Set FOM Rc Range > Rc
‘ Hays-Murphy 75 42.5 :,'%
; 2 FACT Coherent 75 1.5 o2
| FACT Semicoherent 75 1.5

2~

FACT Incoherent 75 15
2

ﬁ Hays-Murphy 80 54.0 | ZDC*“ 50%, 54-113 km
FACT Coherent 80 2.0 | ZDC 35%, 2-47 km &
. -
E FACT Semicoherent 80 1.5 ZDC 40%, 1.5-47.5 km ::
o
FACT Incoherent 80 19.0 100% coverage, 34.5-41.5 km ﬁ
! Hays-Murphy 85 |>200.0| Except for a few dropouts of £ 1 km :‘}
E FACT Coherent 85 2.5 | 2ZDC 80%, 2.5-79 km 2
t v
' FACT Semicoherent 85 1.5| ZDC 80%, 1.5-80.5 km 1
R FACT Incoherent 85 47.5| 100% coverage, 66.5-80 km q,
&
Hays-Murphy 90 >200.0 L Z’i
’t‘ 100% coverage to> 200 km except for 54- ﬁ]
I FACT Coherent 90 8.0 56 km =
F FACT Semicoherent 90 >200.0 %
. '-'\.‘
2 FACT Incoherent 90 123.0 | 100% coverage, 142-160 km 2
$ ::3
N £y
1. Rc = Range to which detection coverage is continuous.
F 3 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval Ij:.j
o for which detection is possible. \
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(C) Table IIB-7c. Detection Range in Kilometers as a Function of o
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean |
Experimental Data and FACT PL9D Model Predictions n
C-se III: i
(Source Depth = 80 ft., Receive lepth = 450 ft., Frequency = 100 Hz). 1
Bottom Los..: FNOC Type 3. w |
" 1
] R
Data Set FOM R Range > R c
c R
9 2
Hays-Murphy 75 17.5 ZDC” 60%, 17.5-42 km j
l
FACT Coherent 75 1.0 : |
FACT Semicoherent 75 1.5
FACT Incoherent 75 1.5 R
Hays-Murphy 80 43.5 ZDC 20%, 43.5-84 km ol
ZDT 5%, 1.5-25 km; 100% coverage, 2°5- i
FACT Coherent I 80 1.5 44.5 km ‘
FACT Semicoherent 80 1.5 ZDC 40%, 1.5-44 km ':, j
L I
FACT Incoherent 80 14.0 100% coverage, 32-41.5 km
Hays-Murphy 85 127.5 ZDC 70%, 127.5-190 km e
FACT Coherent 85 2.0 ZDC 75%, 2-81.5 km -
FACT Semicoherent 85 1.5 | 2ZDC 75%, 1.5-81 km oy
» FACT Incoherent 85 47.5 100% coverage, 66.5-80 km :‘: ;
' r'w
S Hays-Murphy 90 > 200.0
: 100% coverage except 15-18,48-49,161.5- e
;:] FACT Coherent 99 15.0 180 and 190-199 km .“
100% (except three 1km dropouts) to 162 km h
FACT Semicoherent 90 1.5 100% coverage, 162-181 and 191-100 km .
100% coverage, 139-161.5 and 181-193.5 p
FACT Incoherent 90 123.5 km "

i P

1. R o = Range to which detection coverage is continuous.

\ 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval .
:G for which detection is possible. v
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(C) Table IIB-7d. Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Dsta and FACT PL9D Model Predictions
Case IV:

(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 200 Hz).
Bottom Loss: FNOC Type 3.

1

B | ORI | WY

o Data Set FOM Rc Range > Rc .

Hays-Murphy 75 21.5 | zDc? 908, 21.5-37.5 km 4
E FACT Cohérent 75 1.5 i
r;, FACT Semiccherent | 75 1.5 ;
5 X
& FACT Incoherent 75 1.5 K

Hays-Murphy 80 42.5 ZDC 50%, 42.5-95 km

|

. FACT Coherent 80 2.0 100% coverage, 32-39 km
E) FACT Semicoherent 80 1.5 ZDC 10%, 1.5-39 km
FACT Incoherent 80 2.0 100% coverage, 32.5-40.5 km
| n Hays-Murphy 85 lﬁ
1 E:: FACT Coherent 85 8.0 ZDC 50%, 8-77 km
\ > FACT Semicoherent 85 2.0 | 2ZDC 50%, 2-78 km

FACT Incoherent 85 47.5 100% coverage, 68-76.5 km
W%%—_—___ﬂ:
Hays-Murphy 90 >200.0

T00% coverage, 49-54, 57.50-81, 98-

FACT Coherent 90 44.0 119.5 km
1 FACT Semicoherent 90 2.0 ZDC 75%, 2-121 km
&y I00% coverage, 57-62, 93-120, and 133- iq'
FACT Incoherent 90 48.0 148 km g
¥y
@ wa
1. Rc = Range to which detection coverage is continuous. !
bh 2, ZDC = Zonal Detection Coverage in percentage of the indicated range interval ~}:
™ for which detection is possible. A
\."‘
%
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(C) Table IIB-7e. Detection Range in Kilometers as a Function of PO
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
Case V: "'
(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 35 Hz).
Bottom Loss: FNOC Type 3.

1
-V

o

R
Data Set FOM R 1 Range > R
c c —
Hays-Murphy 75 25.5 | zDCZ 50%, 25.5-47 km "
CY
FACT Coherent 75 1.5 E‘ ‘
i
FACT Semicoherent 75 1.5 - |
FACT Incoherent 75 2.0 A
SE— T —
Hays-Murphy 80 55.0 ZDC 40%, 55-93 km i :
FACT Coherent 80 2.0 ZDC 40%, 2-39 km
FACT Semicoherent 80 1.5 | ZDC 50%, 1.5-39 km 3
FACT Incoherent 80 20.0 ;
e———————— . |
Hays-Murphy 85 118.0 ZDC 50%, 118-188 km %
FACT Coherent 85 2.0 ZDC 95%, 2-78.5 km ~
ZDC 40%, 1.5-12 km; 100% coverage, 12- Nl
FACT Semicoherent 85 1.5 81 km N
FACT Incoherent 85 48.0 "'\Q
)) fs————————————— —— y
ad P
"' Hays-Murphy 90 | > 200.0
N FACT Coherent 90 132.5 100% coverage, 143-157.5 km \
i
! FACT Semicoherent 90 2.0 100% coverage, 135-142 and 160->200 km .
O [
é}f FACT Incoherent 90 123.5 £
A
) ‘-l (;"
o 1. Rc = Range to which detection coverage is continuous. &-'
_.;;_, 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
\.] for which detection is possible. :‘,-‘
a4 =¥
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(C) Table IIB-7f. Detection Range in Kilometers as a Function of

X

o s :'.'

v .o

| Figure of Merit (FOM) in dB for Hays-Murphy Nediterranean |
& Experimental Data and FACT PL9D Model Predictions E!‘
| Case VI: A
! (Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 100 Hz). T
&i Bottom Loss: FNOC Type 3. ;_.g
1 -
a Data Set FOM Re Range > Rc Eg
2 B
Hays-Murphy 75 17.0 ZDC” 10%, 17-41 km "
E FACT Coherent 75 1.5 "o
Q FACT Semicoherent 75 1.5 g
: o
' FACT Incoherent 75 1.5 1
—_— : == A
E Hays-Murphy 80 ] 42.0 #znc 10%, 42-52 km é
; FACT Coherent 80 2.0 ZDC 50%, 2-42 km {_1
i - PO [RROUPURPUUPIUI DOV ) ".‘“
B FACT Semicoherent 80 1.5 ZDC 50%, 1.5-42.5 km f*-i
r:\."
| FACT Incoherent 80 17.5 100% coverage, 27-41.5 km _’j
! Hays-Murphy 85 54.0 | ZDC 90%, 52-127 km 5
Y
Eg FACT Coherent 85 3.0 | ZDC 70%, 3-80.5 km H’
S o
FACT Semicoherent 85 1.5 ZDC 80%, 1.5-81 km "i
bl
! g FACT Incoherent 85 48.0 100% coverage, 62-81 km
Hays-Murphy 90 > 200.0 N
P \
1 Eg FACT Coherent 90 15.5 100% coverage, 17-46 and 48-163 km :‘3?:
F FACT Semicoherent 90 162.0 3 ]
N "4
o FACT Incoherent 90 123.5 100% coverage, 133.5-161.5 and 181-193 km ;‘u
I T - o :n:
- 1. Rc = Range to which detection coverage is continuous. -
o 2. ZDC - Zonal Detection Coverage in percentage of the indicated range interval :Z-::]
Q-: for which detection is possible. N
- Y
> ,'-‘-nw
E CONFIDENTIAL o
g
.\J'.
N
o2
":;‘\
CONFIDENTIAL Ao
P
4y
A

. ‘q.. et A, R C) .--_'.--_‘" v o -
N A S VS IS A T A TP A



CONFIDENTIAL

(C) Table IIB-8a.

Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
CASE I:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 35 Hz).

Bottom Loss: MGS Type 2.
Data Sei rom | R ' Range > R_
Hays-Murphy 75 25.5 ZDC2 60%, 25.5-44 km
FACT Coherent 75 1.5
FACT Semicoherent 75 1.5
FACT Incoherent 75 2.0
Hays-Murphy 80 54.5 ZDC 50%, 54.5-93 km
FACT Coherent 80 1.5 ZDC 40%, 1.5-32 km
FACT Semicoherent 80 1.5 ZDC 50%, 1.5-32 km
FACT Incoherent 80 12.0
Hays-Murphy 85 130.5 ZDC 50%, 130.5-172.5 km
FACT Coherent 85 2.0 |
FACT Semicoherent 85 1.5 100% coverage, 4-52 km
FACT Incoherent 85 1.5 ZDC 85%, 1.5-48 km
Hays-Murphy 90 > 200.0
FACT Coherent 90 160.5
FACT Semicoher;;x-f [ 90 | _1610
FACT Incoherent 90 122.5

1. Rc = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval

for which detection is possible.
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(C) Table IIB-8b.
Figure of Merit (FOM) in dB of Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
Case II:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 67.5 Hz).

Detection Range in Kilometers as a Function of

Bottom Loss: MGS Type 2.
Data Set FOM Rc1 Range > Rc
Hays-Murphy 75 42.5
FACT Coherent 75 1.5
FACT Semicoherent 75 1.5
FACT Incoherent 75 1.5
" Hays-Murphy 80 54.0 | ZDC® 50%, 54-113 km .
FACT Coherent 80 2.0 ZDC 35%, 2-46.5 km
FACT Semicoherent 80 1.5 ZDC 30%, 1.5-47.5 km
FACT Incoherent 80 13.0 100% coverage, 34.5-41.5 km
Hays-Murphy Eg >200.0 1 Except for a few—-dropouts of <1 km.
FACT Coherent 85 2.5 | ZDC 80%, 2.5-79 km
FACT Semicoherent 85 1.5 ZDC 80%, 1.5-80.5 km
FACT Incoherent 85 47.5 100% coverage, 66.5-80 km
—tHays-Murphy 30 >200.0 .
100% coverage to 186.5 km except for 54-
FACT Coherent 90 8.5 56 & 141.5-161.5 km
FACT Semicoherent 90 162.0 100% coverage, 186-193.5 km
FACT Incoherent 90 123.0 100% coverage, 142-160 km

1. R o = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
for which detection is possible.
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(C) Table IIB-8. Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
Case III:
fSource Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 100 Hz).
Bottom Loss: MGS Type 2.

Data Set FoMm | R} Range > R_
Hays-Murphy 75 17.5 znc? 60%, 17.5-42 km
FACT Coherent 75 1.5
FACT Semicoherent 7% 1.5
FACT Incoherent 75 1.5
Hays-Murphy 80 43.5 ZDC 20%, 43.5-84 km
& FACT Coherent 80 1.5 ZDC 50%, 1.5-44.5 km
i FACT Semicoherent 80 1.5 ZDC 40%, 1.5-44 km
f§ FACT Incoherent 80 14.0 100% coverage, 32-41.5 km
—Eys—Murphy 85 127.5 ZDC 70%, 127.5-190 km
FACT Coherent 85 3.0 ZDC 70%, 3-80.5 km
FACT Semicoherent 85 1.5 ZDC 175%, 1.5-81 km
FACT Incoherent 85 47.5 100% coverage, 66.5-80 km
Hays-Murphy 90 > 200.0
T00% coverage except 15-18, 48-49, 123-
FACT Coherent 90 15.0 127.5, 161.5-181, 189->200 km
100% coverage (except three 1-km dropouts) to
FACT Semicoherent 90 1.5 123.5 km; 100% coverage 162-181 & 191-200km
FACT Incoherent 90 123.5 100% coverage, 139-161.5 and 181-193.5 km
1. R e = Range to which detection coverage is continuous.
o 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
‘? for which detection is possible.
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(C) Table IIB-8d. Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions

Case IV:
(Source Depth = 80 ft., Receiver Depth = 450 ft., Frequency = 100 Hz).
Bottom Loss: MGS Type 2

% 5 et

@ Data Set FoM | R ' Range>R_
§§ Hays-Murphy 75 21.5 | 2zDC? 908, 21.5-37.5 km
FACT Coherent 75 1.5
g FACT Semicoherent 75 1.5
FACT Incoherent 75 1.5
ﬁ Hays-Murphy 80 42.5 ZDC 50%, 42.5-95 km
E FACT Coherent 80 2.5 100% coverage, 4-8 and 32-39.5 km
FACT Semicoherent 80 2.0 ZDC 40%, 2-40 km
! FACT Incoherent 80 10.5 100% coverage, 32.5-40.5 km
1 “ Hays-Murphy 85 | 194.0 -
@ FACT Coherent 85 9.0 | ZDC 508, 9-78.5 km
! & FACT Semicoherent 85 2.0 ZDC 50%, 2-78 km
? FACT Incoherent 85 47.5 100% coverage, 66-79 km
g —éLHays-Murphy 90 |[>200.0 -
FACT Coherent 90 44.5 100% coverage 47-53.5, 57-81 and 95-121 km
ﬁ FACT Semicoherent 90 82.0 100% coverage, 97-121 km
@ FACT Incoherent 90 48.0 100% coverage, 52-81.5, 91-121 & 133-146 km

1. R o = Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of indicated range interval for
which detection is possible.
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(C) Table IIB-8e.

Detection Range in Kilometers as a Function of

Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions

Case V:

(Source Depth = 80 ft.. Receiver Depth = 350 ft., Frequency = 35 Hz).
Bottom Loss: MGS Type 2

1

Data Set FOM R c Range >R c
Hays-Murphy 75 25.5 | 2zDC? 508, 25.5-47 km
FACT Coherent (k] 2.0

FACT Semicoherent (3 2.0

FACT Incoherent 75 2.0

Hays-Murphy 80 55.0 ZDC 40%, 55-93 km

FACT Coherent 80 2.0 ZDC 50%, 2-24 km

FACT Semicoherent 80 2.0 ZDC 50%, 2-24 km

FACT Incoherent ' 80 11.0
Hays-Murphy 85 118.0 ZDC 50%, 118-188 km

FACT Coherent

2.0

ZDC 95%, 2-49 km

FACT Semicoherent

2.0

ZDC 90%, 2-50 km

FACT Incoherent | 85 47.5
Hays-Murphy 90 [>200.0

FACT Coherent 90 2.5 100% coverage, 4-122 km
FACT Semicoherent 90 122.5
FACT Incoherent 80 122.5

1. R - Range to which detection coverage is continuous.

2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
for which detection is possible
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(C) Table IIB-8f, Detection Range in Kilometers as a Function of
Figure of Merit (FOM) in dB for Hays-Murphy Mediterranean
Experimental Data and FACT PL9D Model Predictions
Case VI:

(Source Depth = 80 ft., Receiver Depth = 350 ft., Frequency = 100 Hz).
Bottom Loss: MGS Type 2

= &

5 Data Set FoM | R’ Range >R_
@ Hays-Murphy 75 17.0 | zpc? 108, 17-41 km
’ FACT Coherént 75 1.5
Eg FACT Semicoherent 75 1.5
ﬁ FACT Incoherent 75 1.5 L —
Hays-Murphy 80 42.0 ZDC 10%, 42-52 km
@ FACT Coherent 80 2.0 | ZDC 508, 2-42 km
ZDC 75%, 2-12 km; 100% coverage, 26.5-
FACT Semicoherent 80 1.5 41.5 km
! FACT Incoherent 80 11.5 100% coverage, 34-41 km
. Hays-Murphy 85 54.0 ZDC 90%, 52-127 km |
@ FACT Coherent 85 6.5 ZDC 70%, 6.5-80.5 km
@ FACT Semicoherent 85 1.5 ZDC 70%, 1.5-80 km
FACT Incoherent 85 47.5 100% coverage, 69-80 km
§ Hays-Murphy 90 | >200.0
o FACT Coherent 90 15.5 100% coverage, 17-46 and 48-163 km
é: FACT Semicoherent 90 162.5
E FACT Incoherent 90 123.0 100% coverage, 139.5-161 km

1. R,= Range to which detection coverage is continuous.

’\

y
g’* 2. ZDC = Zonal Detection Coverage in percentage of the indicated range interval
for which detection is possible.
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Hays-Murphy Sound Speed Versus Depth Profile

(U) Figure IIB-1.
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Appendix lIC. (U) Accuracy Assessment of FACT PL9D
Compared to PARKA Experimental Data

PARKA (U)

Environment (V)

(C) The sound speed profile for the
PARKA environment is pletted and tabu-
lated in Figure IICl. This profile ex-
hibits a surface duct to a depth of 262
ft (80 m) and a deep sound channel to a
depth of 14,594 ft (4448 m). The depth
excess is 3452 ft (1052 m).

(C) Two sets of bottom loss tables were
used as input to the FACT PL9D model.
The first 1is FACT's internal FNOC/NOO
bottom loss found in subroutine BIMLOS,
and in the two cases examined, a type 3
bottom was found to pertain at the site
of the recelver. The sgecond set of
curves are the MGS curves found in sub-
routine MGSBL in the RAYMODE X model and
here a type 6 bottom was found from the
bottom loss province charts. These lat-
ter curves were input into FACT PL9D
from an external table of 91 values. The
FNOC/NOO bottom loss curves for 50 and
400 Hz are found in Figures TIC2Z and
IIC3 and Tables IICl and IIC2. The cor-
responding MGS curves are presented in
Figures IIC4 and IIC5 and Tables IIC3
and IIC4, respectively. At 50 Hz, the
FACT internal bottom loss has a critical
angle of 12 degrees, a 1 dB loss at 15
degrees and 10 dB loss at normal inci-
dence. The MGS result at 50 Hz has a
critical angle of 9 degrees, 1.6 dB loss
at 15 degrees and 8.1 dB at normal inci-
dence. At 400 Hz the FACT internal FNOC/
NOO shows a constant 3 dB loss to 14
degrees, 3.3 dB at 15 degrees and 11 dB
at normal incidence. MGS results for 400
Hz are 7.5 dB loss at zero degrees,
11.3 dB at 15 degrees, and 15.9 dB at
normal incidence.

Test Cases (U)

(C) Two test cases were chosen for the
PARKA environment:

C-1

Case I. Source Depth = 500 ft (152.4 m),
Receiver Depth = 300 ft (91.4 m), Fre-
quency = 50 Hz.

Case II. Source Depth = 500 ft (152.4
m), Receiver Depth = 300 ft (91.4 m),
Frequency = 400 Hz.

(C) For both cases, source an?! receiver
are below the surface duct. Due to the
large depth excess, coanvergence zoune
(CZ) propagation is exhibited by the
PARKA data 1in both cases; 1in Case I,
three convergence zones were observed
and in Case II, two zones were observed
(range was sufficient for a third zone
but it was not evident). In both cases,
the flat bottom and single profile as-
sumptions inherent in the FACT PL9ID
model held to a range of 200 km. The
PARKA experimental data for these cases
are found in Figures IIC6 and IIC7.

Azcuracy Assessment Results (U)

(U) The accuracy assessment procedures
were followed as outlined in section 1.1
and described in detail in Volume I of
this series. The following types of fig-
ures were produced for each case: (1)
FACT PL9D output using tho coherent op-
tion, (2) the coherent result smoothed
by application of a 2 km window running
average, (3) the smoothed coherent re-
sult subtracted from PARKA data, (4)
FACT PL9D output using the semi-coherent
option, (5) the semi-coherent result
subtracted from PARKA data, (6) FACT
PLID output using the incoherent option,
and (7) the incoherent result subtracted
from PARKA data. For each case these
seven curves are given first for FACT
PL9D run with its own internal FNOC/NOO
bottom loss and then for FACT PL9D rum
using RAYMODE X's MGS ©bottom loss
curves. These results are given in Fig-
ures I1IC8-I1C21 for Case I and Figures
1IC22-1IC35 for Case II.
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(U) The means and standard deviatioms of
difference between PARKA data and FACT
PL9D model outputs (in 4B} for which the
model used the FNOC/NCUG bottom loss are
given in Table IICS for Case I and Table
IIC6 for Case II. Corresponding results
in which MGS bottom loss was used are
given in Table IIC7 and 1IC8. Note that
a positive mean value indicates that the
model exhibits less loss than the PARKA
experimental data and 1is too optimistic;
conversely, a negative mean value indi-
cates greater loss for model result than
for the experimental data and the model
prediction is therefore too pessimistic.
Optinmistic model results lead tec predic-
tion of detection ranges which are
greater than should be predicted (i.e.,
greater than the experimental results)
and vice versa for pessimistic predic-
tion.

(C) The following observations can be
made with regard to the 50 Hz results
(i.e., Case I): (1) The results are
somewhat sensitive to the coherence
option selected; a slight advantage in
mean value of the difference between
PARKA data and the FACT output is gained
by avoiding the 1incoherent cption in the
first bottom bounce region, but this is
nullified by the small standard devia-
tion associated with the incoherent op-
tion. Overall, no significant advantage
1s evident with regard to coherence op-
tion. (2) The FACT and RAYMODE bottom
loss options do not lead to substantial-
ly different results. Indeed, bottom
loss options account for differences
between 0 and 1 dB in values of u and o.
This 18 not surprising, since the two
bottom loss tables differ by zero dB to
9 degrees and by less than 1 dB per
bounce past 9 degrees. (3) Agreement be-
tween PARKA data and FACT PL9D in the
first convergence zone gives u nearly
equal to zero, o = 1.6 , irn the second
CZ u nearly equal to zero, ¢ = 3.7 (B,
and in the third convergence zone u =
-2.4 dB, o = 4.6 dB for the semi-
coherent option. Thus, we see a gradual
lessening of the agreement with range,
as one would expect. (4) In the bottom
bounce regions, consistently optimistic

e R B RN U BB IET AV R B LI AMRNL LA R LWL R ARG ME TR T AT AT TR T A TASS TR -

C-2

FACT PL9D model predictions are ob-
served; clearly, the bottom loss was not
great enough (i.e., a higher bottom type
is indicated for FNOC area charts where-
as for MGS only one bottom loss curve
exiate at 50 hertz regardless of bottom
type and, therefore, a basic problem is
found for the MGS bottom loss data base
a lack of flexibility). We note the in-
creasing discrepancy between experiment-
al data and model prediction with range
as indicated by the increase of u with
range. It should be noted that the
standard deviation, however, reaches a
maximum 1in the second bottom bounce
region. For Case II (400 Hz) the means
and standard deviations of the differ-
ence curves (PARKA experimental data
minus FACT PL9D predictions) found in
Tables 1IC6 and 1IC8 lead to the follow-
ing conclusicas: (1) The FACT bottonm
loss leads to better agreement with the
data than the RAYMODE bottom loss (Note:
a conclusion not to be generalized). (2)
Through the second CZ (using FACT's bot-
tom loss) the predictions are consist-
ently optimistic by 1 to 3 dB in mean
level. (3) The large standard deviation
in the region from 127.5 to 200 km is
due to the FACT PLI9D prediction of a
third convergence zone which was not
evident in the PARKA data. (4) The dis-
agreements in the first CZ are due to
the model predicting a broader CZ.

(C) The figure of merit (FOM) versus
detection range analysis for the two
cases are given in Table IIC9 and IIC10,
respectively, for the FACT PL9D model
using the internal FNOC/NOO bottom loss.
Corresponding Tables TIICll and IIC12
apply to use of the MGS bottom loss in
FACT PL9D. For Case I the following
cesults are observed from FACT PL9D
results using the FNOC bottom loss: (1)
For FOM = 80 dB both the experimental
data and the model predict a two-lobed
first convergence zone, the detection
ranges of which agree to within 0.5 km.
(2) For FOM = 85 dB, start and end
ranges of the first CZ agree to within 1
km between PARKA data and FACT PL9D; for
the second CZ, PARKA gives a first lobe
and FACT PLSD a second lobe; for the
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third CZ, PARKA gives a double-lobed CZ
while FACT PL9D fails to predict a CZ at
this level. The PARKA data show complete
detection coverage to 11 km and 60Z cov-
erage to 23 km. This 1s 1in contrast to
the FACT PL9D semi-coherent prediction
of total coverage to 6.5 km, 40% cover-
age to 22.5 km and total coverage be-
tween 36 and 45 km (optimistically). (3)
At FOM = 90 dB, the FACT prediction is
slightly pessimistic with respect to
PARKA results for coherent and semi-
coherent options 1in that PARKA gives
greater percentage coverage to the first
CZ (for which start ranges are identi-
ical) and 6 km further detection after
the first CZ; the second CZ is predicted
three times wider than the PARKA obser-
vation, the third CZ 1is predicted as
double-lobed by FACT, but single-lobed
and narrower from PARKA. (4) For FOM =
95 dB, FACT PLO9D predicts better detec-
tion coverage than given by PARKA data
at long ranges (100 km), but predicts
20% coverage from 10.5 to 33 km compared
to continuous coverage from the PARKA
data. Second CZ zone onset is 3 km less
for FACT PL9D. (5) For FOM = 100 dB,
FACT PL9D predicts much greater long
range coverage than PARKA. Both have
continuous coverage to past 100 km.
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(C) For Case II (400 Hz) the following
observations are made for (l) FOM = 80
dB. FACT predicts the presence of a
first convergence zone not supported by
PARKA results. (2) FOM = 85 dB. Continu-
ous coverage to 9 km for PARKA, 6.5-8 km
for FACT PL9D. First CZ start 2 km
greater for PARKA and 4.5 km less at end
(1.e., PARKA CZ is 1.5 km long, FACT CZ
is 8 km long). (3) FOM = 90 dB. Predict-
ed coverage by FACT PL9D semi-coherent
much greater than that of PARKA; contin-
uous coverage 8 km greater to 44.5, the
first CZ is almost three times wider
(despite zone onset agreement), the
second CZ is twice as wide, and FACT
predicts a double-lobed third CZ which
was not observed in the PARKA experi-
ment. For this FOM and greater, the
difference between using FACT or RAYMODE
bottom loss for the FACT prediction was
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great as reflected in detection cover-
age. For the most part, use of the FACT
bottom loss led to greater agreement
with PARKA data than did use of the
RAYMODE bottom loss. (4) FOM = 100 dB.
FACT PL9D is 1in basic agreement with
PARKA to beyond the second CZ. The major
discrepancy is the prediction by FACT of
third CZ coverage, not observed from
PARKA results.

(C) Overall, the following results ar:
glven for the comparison between PARKA
experimental data and the FACT PL9D
model: (1) FACT's own bottom loss leads
to better agreement than do RAYMODE. 's
at 400 Hz (at 50 Hz the difterences are
negligible). (2) FACT predicts zone on-
set of first and second convergence !
zones accurately with respect to PARKA
data. (3) Second and third coanvergence
zones predicted by FACT are too narrow i
compared to PARKA data. (4) FACT pre-
dicts optimistic coverage compared to
PARKA results.

C-3
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(U) Tabie IIC-1. Bottom Loss (dB) Versus Grazir 3 Angle (degrees). E I
FNOC Type 3. Frequency = 50 Hz. o 2
S
-] BL o ‘
m |
0 0 Y
11 0 .

- R
20 3.0 -
25 4.4 VR

o E
35 6.7 }
45 8.5 ﬂ
66 10.0 _.
N b
90 10.0 DM
UNCLASSIFIED . i
(U) Table IIC-2. Bottom Loss (dB) Versus Grazing Angle (degrees). E}
FNOC Type 3. Frequency = 400 Hz.
3
(<) BL '
i
0 3.0 h
13 3.0 L
N
20 5.3 T
1
35 8.7 NI
5 |
45 10.3 o
53 11.0 & j
90 11,0 a '
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(U) Table IIC-3.

Wb LAe b Ly A9 At dh ¥ A Bie B ie S0 A0 Wi R R AR B RSO S T ' R b AR B A

O RTEATANT IANT NS AT AT AT LTI RS

Bottom Loss (dB) Versus Grazing Angle (degrers).

.

"
"
C
"

R
M.
-Q.
J

MGS Type 6. Frequency = 50 Hz.
i)
O | BL O | BL (0] BL (o) BL 0 BL (0] BL (0] BL
#

0 0 |{13] 1.36 26 4.49 39 6.57 52 7.84 65 8.45 78 8.51
1 0|l 141 1.64 27 4,68 40 6.70 53 7.91 66 8.47 79 8.49
2 0(j15] 1.92 28 4.87 41 6.82 54 7.97 67 8.49 80 8.48
3 0116} 2.19 29 5.05 42 6.93 55 8.03 68| 8.51 81 8.45
4 0 (117 5.23 43 7.04 56 8.09 69 8.52 82 8.43
5 0 {118 5.40 44 7.15 57 8.14 70 8.53 83 8.40
6 019 5.57 45 7.25 58 8.19 71 8.54 84 8.37
7 0t 20 5.73 46 7.34 59 8.24 72 8.55 g5 8.33
8 0 {] 21 5.88 47 7.44 60 8.28 73 8.55 86 8.30
910.141(| 22 6.03 48 7.53 61 8.32 74 8.55 87 8.26

10| 0.461} 23 6.17u49 7.61 62 8.36 75 8.54 88 8.21 ¥

‘..

11] 0.7711 24 6.31 50 7.69 63 8.39 76 8.54 89 8,17 fi

121 1.071)] 25 6.45 51 7.7 64 8.42 M 8.52 20 8.12 ﬁ
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(U) Table IIC-4.

- Wy

Bottom Loss (dB) Versus Grazing Angle (degrees).

RV

MGS Type 6. Frequency = 400 Hz.
|
© |BL © | BL e | BL © | BL © | BL e BL
0 7.50]1 131 11,15(( 26 13.12 [[39] 14.39 (|52 | 15.20}{ 65 15.91
1| 8.37){14] 11,34} 27} 13.24 40| 14.46 || 53 | 15.25]| 66 15.92
2| 8.85(15] 11.52}| 28| 13.35 || 41| 14.54 }} 54| 15.30}|| 67 15,92
3] 9.19{/16] 11.69}} 29| 13.46 } 42| 14.61 455 15.341] 68 15.93
4| 9.44{/17] 11.86| 30| 13.57 | 43| 14.68 |56 | 15.38]| 69 15.93
51| 9.65| 18] 12.02)| 31| 13.67 || 44| 14.75 }{ 57 | 15.42}} V0 15.93
6| 9.83|{19] 12.18} 321 13.77 [{45| 14.81 (|58} 15.46{| 71 15.94
71 9.98(20] 12.33| 33| 13.87 {46 | 14.87 ||59| 15.50} 72| 15.84 |{ 85| 15.93
8 110,11}/ 21| 12.47|4 34| 13.96 || 47| 14.93{]60] 15.53]|| 73| 15.85 || 86 | 15.93
9 [10.28 )| 22| 12.61( 35| 14.05 [[48] 14.99|{61| 15.57|} 74| 15.87 || 87 | 15.93
10 [10.52 {1 23] 12.741 36| 14.14 |49} 15.05 {|62 | 15.60|| 75| 15.88 |{ 88 { 15.92
11 {10.74 || 24 12.87*;37 14.23 150 15.10 |{63 | 15.63|] 76 | 15.89 || 89 | 15.92
12 |10.95 JTTZS 13.00{1 38| 14.31 ||511 15.15 |64 ] 15.66}) 77 ] 15.90 || 90 | 15.91
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(U) Table IIC-3. Bottom Loss (dB) Versus Grazirg Angle (degrees). J
MGS Type 6. Frequency = 50 Hz. .
N
g o |BL |o BL '[o BL [lo BL %
~1 N
ol off1s3 4.49 || 39| 6.57 |f 52 8.51 i
E 1] o014 4.68 || 40| 6.70 || 53 8.49 %
“ 21 oll15 4.87 || 41| 6.82 || 54 8.48 ki
* 3| ol e 5.05 || 42| 6.93 || 55 8.45 |
E 4 0lf17 5.23 || 43| 7.04 || 56 8.43
5 0l 1e 5.40 || 44| 7.15 ] 57 8.40
ﬁ 6 0{f19 5.57 || 45| 7.25| 58 8.37
7 0 || 20 5.73 || 46 | 7.34 | 59 8.33 -
N 8 o2 5.88 || 47 | 7.44 | 60 8.30 ﬁ
9]0.14} 22 6.03 || 48| 7.53| 61 8.26 E
10 | 0.46]| 23 6.17 || 49| 7.61 ] 62 8.21 "N
& 11 0.77] 24 6.31 || 50| 7.69])f 63 8.17 ‘é
12| 1.07} 25 6.45 || 51| 77|l 64 8.12 <
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(U) Table IIC-4. Bottom Loss (dB) Versus Grazing Angle (degrees).
MGS Type 6. Frequency = 400 Hz.

oy
v d

(

224

© |BL 6 | BL 6 | BL TG BL O | BL 9 | BL o BL
0 7.50}{13] 11,151 26 13.12 (1 39| 14.39({52| 15.20({ 65| 15.69 | 78 | 15,91

1} 8.37{14] 11.34}| 27| 13.24 ]| 40| 14.46 || 53| 15.25{| 66| 15.72 [} 79| 15.92

o v
« ¥

2] 8.85|15] 11.52]] 28| 13.35 || 41| 14.54 )| 54| 15.30|| 67| 15.74 || 80 | 15.92

—

15.93

| O

31 9.19}/16] 11.69}] 29| 13.46 || 42 14.617r55 15.34(| 68 15.76 || 8

[

4| 9.44| 17| 11.86{ 30} 13.57 | 43| 14.68 |56 | 15.38]/ 69| 15.78 || 8 15.93

ALY

51 9.65( 18] 12.02|{ 31| 13.67 {44 | 14.75[{57| 15.42}| 70| 15.80 || 83 | 15.93

61 9.831119] 12.18}} 32| 13.77 {{45( 14.81 (|58 | 15.46|| 71| 15.82 || 84| 15.94

»
]

7| 9.98(120] 12.33|| 33| 13.87 || 46| 14.87 || 59| 15.50)| 72| 15.84 || 85| 15.93

8 110,11 {21} 12.47|| 34| 13.96 47| 14,93/ 60| 15.53}| 73| 15.85 || 86 | 15.93

9110.281122] 12.61|| 35| 14.05 || 48| 14.99 /61| 15.57|} 74| 15.87 || 87 | 15.93

10 1 10.52 {| 23] 12.74|{ 36} 14.14 ||49] 15.05]|62| 15.60{| 75| 15.88 || 88| 15.92

X |

11 110.74 |{24] 12,87 37| 14.23 50| 15,10 ({63 | 15.63| 76 | 15.89 || 89| 15.92

vy
et

12 10.95J25 13.00)] 38} 14.31 ||51 | 15.15}{64 | 15.66)] 77 ] 15.90 || 90 | 15.91
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(C) Table IIC-9a. Detection Range la,b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. FNOC (i.e., FACT's Internal)
Type 3 Bottom Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz.

Firgt Convergence Zone
rom 3 First Sgeond Tobe
*g’ Data Set {am) Re Stort] End] Start] End
)
l‘@ |
PPARKA _ 80 58.0| 59.0f 60.5 | 62.5 |
s FACT_Coherent® 80 5.0 s8.5] se.5] 61,0 62.5 !
b 4 FACT Scmicoherent !
i;z and Incoherent 80 6.0 58.5| 58.5| 61.0 | 62.5 !
PARKA 85 11.0 'I.l)C‘l 60, 11-23 km 65,0] 59.0] 59.5 | 64.5 1
ZDC J07, 6.5-22.5 km I
{i, FACT Coherent 85 G.5] 100% coverage, 36-45 km 55.0 64.5 X
R FACT Scmicoherent
and Ineoherent 85 46,0 54.0 64.5
PARKA 90 36.53| 100% coverage, 40-46.5 km 53.5 100% coverage, §3.5-71.5 km
ZDC 505, 10-3%.5 km
FACT Coherent 90 10,01 100% covernge, 35-47.5 km §3.5 65.5
FACT Semicoheront
and Incoherem 90 71.5
PARKA 95 74.5 .
ZDC 205, 10.5-33 km
] FACT Coherent 95 10.5] 100% coverage, 35-47.5 km
TACT Scemicoherent
and  Incoherent 95 150.0
PARKA 100 125.0
100°% coverag: oxeept for three 100% coverage from 25 to 200 km
V) FACT Colerent 100 100.0] 1 km intervals ot 11, 14, & 24 km except for 100-104 km
TACT Semteoherent
b ind Incoherent 100 >200.0
PARKA 105 149.0
> Y o 1Q§ '>200.0
, FACT Semicoherent
,&(, and Incoherent 105 [>200.0)

ta. Al detection ranges in kilometers,

b, Range accuracy is ¢ 0.25 km,

23

2. FACT PLID coherent results have been smoothed by a 2 Ka running average.

3. I(C = Ranpe to which coverage is continuous.

<

1. ZDC = Zonal Detection Coverage (percent the FOA has o greater value thim the propagation loss over the indicated interval.

o
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(C) Table IIC-9b. Detection Rsmg'el""’b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. FNOC (i.e., FACT's Internal)
Type 3 Bottom Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz.

A

i
[N
o
)
Second Convergence: Zohe Third Convergence Zone
FOM rst lLobe econd Lobe First Lobe 1Second Lobe m
Data Set (dB) art] End | Start| End Start] End | Start | End 7'.; {
ey g
PARKA 80
) bt
| FACT Coherent”__{ 80 3
FACT Semicoherent et
and Incoherent 80
PARIA 85 115, 117.5 171,00 171.0f 173.0] 174.5
FACT Coherent 85 120.0] 125.0 %
FACT Semicoherent *,
and Incoherent 85 120.0] 125.0
PARKA 90 114.1 120.5 169.5 178.0
FACT Coherent 90 IIO.QL 128.0 168.0] 173.0] 178.5| 188.0
FACT Semicoherent
and Incoherent 90 110. 128.0 168.0{ 173.0] 178.5] 188.0
PARKA 95 110.(1 123.5 | 100% covera 162-167.5 km 180.0 Ea
100% coverage from 107 to >200 km "
FACT Coherent 95 107. except for 136-148 km -
FACT Semicoheren
and Incoherent 95 No coverage 150-160 km 174.0{ 176.0} 191.0
PARKA 100 125.0 | 100% coverage resumes at 158 km 181.5 g
FACT Coherent 100 {
FACT Semicoherent \
R \
0 coverage, Y73-130 km :} l
PARKA 105 1008 coverage, 155->200 km W
N
| FACT Coherent 105
FACT Semicoherent
and Incoherent 105 B
N
1a. All detection ranges in kilometers.
1b. Range accuracy is * 0.25 km. . E
2. FACT PLID coherent results have been smoothed by a 2 km running average. .
"'; F;
Pyt
P \
=
!
. "
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N
e »
5
L
|
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(C) Table IIC-10a. Detection Range'®'® (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. FNOC (i.e., FACT's Internal)
Type 3 Bottomm Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz.

R AR

X

_First Convergence Zone
FOM R 3 First ond_Lobe
Data Set (dB) [4 Start | End | Start | En
@ PARKA 80 )
FACT_Coherent” 80 5.0 . 62.0 | 62.0
emicnherent
8 and Incoherent 80 5.5 58.0 63.0
' PARKA 85 9.0 58.0 59.5
FACT Coherent 85 7.0 56.5 64.0
X FACT Semicoherent
b and Incoherent 85 8.0 86.0 84.0
PARKA 90 36.5 55.5 59.0
§ FACT Coherent 90 13.0 |znc? 20%, 13-55 km 55.0 88.0
FACT Semicoherent
and Incoherent 90 4.5 85.5 85.0
PARKA 95 50.0 54.0 66.0
FACT Coherent 95 13,5 |ZDC 75%, 13.5-55 km 69.0 .
FACT Semicoherent
and Incoherent 95 71.0
! _*;
PARKA 100 69.0 69.0 | ZDC 15%, 69-108 km
i 100% coverage to 73 km except
N FACT Coherent 100 73.0 {1.5 km interval at 16 km ZDC 20%, 73-111 km
N FACT Semicoherent ZDC 50%, 89-101 km,
and Incoherent 100 89.0 No coverage 101-111 km
PARKA 105 129.0
ZDC 70%, 74-98 km
- FACT Coherent 105 74.0 100% coverage, 98-135 km
? FACT Semicoherent
k! and Incoherent 108 137.0
PARKA 110 188.0
A
;_ ¢ FACT Coherent 110 147.0 |No coverage, 89-90.5 km
J FACT Semicoherent
and Incoherent 110 147.%
PARKA 115 >200
FACT Coherent 115 >200
@ FACT Semicoherent ' Anomalous dropout at 160 km
and Incoherent 115 >200

la. All detection ranges in kilometers.

)

;.

1b. Accuracy to * 0.25 km.,

2. FACT PLSD coherent data have been smoothed by a 2 km running average.

3. Rc = Range to which coverage is continuous.

A i

4, ZDC = Zonal Detection Coverage (percent the FOM is greater than the propagation loss over the indicated range interval),
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la,b S
(C) Table IIC-10b. Detection Range "’ "~(km) as a Function of Figure of Merit (FOM) i
for PARKA Experimental Data and FACT PL9D Predictions. FNOC (i.e., FACT's 1
Internal) Type 3 Bottom Loss Used in FACT PL9D Model Runs. Source \
Depth=500 ft., Receiver Depth=300 ft., Frequency=400 HZ Y
Second Convergence Zone Third Convergence Zone O
TOM Flrst Lobe | Second Lobe FITat Lo 6con I |
Data Set (dB) FSurt End art<] En art | En art | End e
e
PARKA 85
F, Cohonntz 85 ! t‘g
emicohe. ent
and Incoherent 8%
PARKA % 114.5 120.0 @
FAC; Coherent 90 113.0 126.0 171.0 ]| 173.0] 11,5 ] 185.0 d
A emicoherent
and Incoherent 90 113.0 126.0 171.0| 173.0] 181.5] 185.0
PARKA 95 110.8 1127.0 %
FACT Coherent 95 112.0 128.0 168.0 | 174,0] 178,35 ] 188.0 "
FACT Semicoherent
and Incoherent 95 112.0 128.0 169.0 | 174.0] 178,.5 | 189.0 :
| ===~ X,
PARKA 100 108.0 128.0 | 3 km coverage at 185 km a
FACT Coherent 100 111.0 131.0 168.0 1 175.0] 177.5 ] 191.0
FACT Semicoherent R 5
111.0 13L.0 188,0 L1735, 00 177.5 L 191,90
i ZHC> 60%, 129-183 km @
PARKA 105 129.0 | No coverage past 183 km L)
FACT Coherent 105 135.0 | zDC :o*, 135-167 km 167.0 195.0
FACT §om§co'ﬁerent ' - m s
and Incoherent 105 137.0 | No coverage, 143-187 km 187.0| 175.5 177.0 ] 195.0 g
PARKA 110
FACT Coh 110 0 coverage, TA7-18% km due to 165.5
A oherent anomalous d ut 8. 189
No covorﬁl-lﬁﬂ m Y]
FACT Semicoherent 100\ coverage to 199 km except r _-’1
and Incoherent 110 for 5 km interval at 130 km 183.0 ] 176.0] 176.5 | 199 ok
la, All detection ranges in kilometers.
1b. Range accursacy is * 0.25 km, g
2. FACT PL9D coherent data have been smoothed by a 2 km running average.
3, ZIDC = Zonal Detection Coverage (percent the FOM greater than the propagation loss over the indicated range in.crval). il
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(C) Table IIC-11a. Detection Rangela’b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. MGS (i.e., RAYMODE X's Internal)
Type 6 Bottom Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz.

hfihy | s AT

-

2

2.3:9

_ s

e

3

=

In. All detection ranges in kilometers.

First Convergence Zone
FOM R 3 First l.obe gecand Lobe
Data Set (dB) (4 Start | End tar N
Y PARKA 80 s8.0 [ 59.0[ 60.5 | 62.5
A
" FACT Coherent’ 80 5.0 58,5 | 58.5] 61.0 | 625
FACT Semicoherent
and Incoherent 80 6.0 58.5 | 58.5| 61.0 | 62.5
3
S PARKA 8% 11.9] zDc? 60g. 11-23 km 55.0 | 59.0] 59.5 | 64.5
A ZDC 40T, 6.5-27.5km
FACT Coherent 85 6.5 ] 1003 coverage. 36-45 km §5.0 64.5
FACT Semicohcrent
and Incoherent 85 as.s 54.0 64.5
5 .
% PARKA 90 36.5] 100% coverape, 40-46.5 km 53.5 100% coverage, 53.5-71.5 km
ZDCO0T, “0-3T05 km.
FACT Coherent 90 10.0} 100% coverage, 35-47.5 km 54.5 65.5
ACT 5emicoherent
und Incoherent 90 66.0
%
¥, PARKA 9% 74.5
1 ZDC 157, 10.5-33.0 km
d FACT Coherent 95 10.5 | 1002 coverage, 34-95 km
FACT Semicoherent
and Incoherent 95 135.0
PARKA 100 125.0 .
100% coverage except for two T coverage Irom 34.5 to 200 km
FACT Cohecrent 100 99.51 0.5 km intervals at 14 & 24 km except for 99.5-104.5 km
FACT Semicoherent
and Incoherent 100 [>200.01
ro
L é PARKA 108 144.0
XS
|__FACT Cohcrent 105 300.0
FACT Semicoherent
and Incoherent 105 > 2000
Yo
i
o
\

1b. Range nccuracy is * 0.25 km.

FACT PLOD coherent results have been smoothed by a 2 km running average.

3, Rc = Range to which coverage is continuous.

ZDC = Zonal Datection Coverage (percent the FOM has a greater value than the propagation loss over the indicated interval),

e
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(C) Table IIC-11b. Detection Rangela’b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. MGS (i.e., RAYMODE X's Internal)
Type 6 Bottom Loss Used in FACT PL9D Model Runs.

Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 50 Hz.

Second Convergence. Zone onvu%go one
[i-"ﬁﬂ First n _%%__ Flrst Tobe econ 0
Data Set (dB) Start | En tart | En ar’ [ End art | End
PARKA 80
FACT Coherent?
FACT Semicoherent
and Incoherent 80
PARKA 85 115.5] 117.8 171.0f 171.0f 173.0| 174.5
|__FACT Coherent | 85
FACT Semicoherent
and Incoherent 85 120.0] 125.0
PARKA 90 114.0 120.5 169.5 179.0
t 20 111.0 128.0 168.0] 173.0] 17 188.0
FACT Semicoherent
and Incoherent 90
PARKA 95 110.0 123.5 §{ 1008 coverage, 162-167.5 km
| 95
FACT Semicoherent
and Incoherent 95
3
PARKA 100 1130 125.0 | 100% coverage resumes at 138 km 181.5
‘__Hﬂ.san.rum 190
FACT Semicoherent
0 coverage, -
PARKA 105 100% coverage, 158 to 200 km
FACT Coherent 105
emicoherent
and Incoherent 105

la. All detection ranges in kilometers.
1b. Range accuracy is * 0.25 km.

2. FACT PLID coherent results have been smoothed by a 2 km running average.
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(C) Table IIC-12a. Detection Rang‘ela’b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and
FACT PL9D Predictions. MGS (i.e., RAYMODE X's Internal)
Type 6 Bottom Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz.

P
o iy

;‘4 First Convergence Zone
R FOM 3 rst l.obe | Second Lobe
i Data Set (dB) R, Start] En §un End Ay
Y. PARKA RO
hd l'.«\%‘l‘ Oi:ohcl-t,\m2 80 8.0 62,0 | 62.C
A cmicoherent
and Incoherent 80 5.0 58.0 63.0
X PARKA 85 9.0 38.0 88.3
v FACT Coherent 8% 6.3 56.0 64.0
FAC emicoherent
and Incoherent 85 7.0 568.0 64.0
PARKA 90 6.8 | 35.5 89,0
vherg 90 S 36.0 83.0
I‘ACT Scmicoherent
md Incoherent 20 9.0 38.8 65.0
,:\J PARKA 95 50.0 54.0 66.0
b4 o coverage 1Z-57, m excep
L I‘ACT Coherent 98 12.0 {for 17.5-21 km 34.8 67.0
Semicoherent
nnd Incoherent 95 32.8 $8.0 68.0
PARKA 100 69.0 69.0 |2ZDC 13%, 69-108 km
LACT Cohorent 100 13.0 [zpc? 351, 13-54 km 84,0 70.8
FACT Semicoherent
mnd Incoherent 100 71.0 84,0 70.5
¢ PARKA 105 129.0
IBT BT, 14-35 km
v ) FACT Coherent 105 14.0 1008 covernge, 49.5-72.3 km 71.5
[~ FACT Scmicohercnt
and Incohcrent 103 73.0 73.0
PARKA 110 188,90
o coverage 713.9-111 km except
1 Eﬁg; gohonnl 110 73.3 93-95 km
F emicoheront
and Incoherent 1o 74.0 74.0
i PARKA 115 [>2000
| FACT Coherent 115 74.0 ZDC 154, 74-110.5 km
emicoherent
and Incoherent 115 138.3
PARKA 120
ZbU
FACT Coherent 120 78.5 1008 covarngg. 101.5- 140 xm
Senicohevent
und Incoherent 120 139.0
)
_:' tu. AN detection ranges in Kilometers,

b, Ranfie nccuracy is * 0,25 km.

T 2, FACT PLOD coherent dotn have been smoothed by a 2 km running average.
3. RU - Rangre to which coverage is continuous
1. ZDC = Zonal Detection Coverape (percent the FOM is greater than the propagstion loss over the indicated range interval),
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(C) Table IIC-12b, Detection Rang‘ela'b (km) as a Function of
Figure of Merit (FOM) for PARKA Experimental Data and i
FACT PL9D Predictions. MGS (i.e., RAYMODE X's Interval)
Type 6 Bottom Loss Used in FACT PL9D Model Runs.
Source Depth = 500 ft., Receiver Depth = 300 ft., Frequency = 400 Hz. "

[ Taffd Con nce Zon §
Data Set (dB) Start |End Start | End tart n tart n
K !
PARKA 80 114.5 120.0 f I
Fﬁg; gogerentz 90 113.0 126.0 171.01 173.0] 181.5] 1838.0 ‘
emicoherent |
and Incoherent 90 113.0 126.0 171.0f 173.0] 181.5] 183,0 T
[ ! i
PARKA o 110.5 12.0 W
- |
FACT Coherent 85 !
- TACT Semicoherent P
and Incoherent 95 H
PARKA 100 108.0 128.0 | 3 km coverage at 168 km
|_FACT Coherent 100 112.9 120.0 169.0| 174.0] 178.5 ] 189.0
FACT Semicoherent 3
200 1120 127 .8 m.o 174,01 178.5 l"ln
’ a m L)
PARKA 108 129.0 | No coverage past 183 km O
FACT Coherent 103 111.0 134.0 167.0f 175.0 177.0] 1985.0
emicoherent
and Incoherent 108 11,0 134.0 167.0| 175.0{ 177.0| 198.0
PARKA 110 ;
|
FACT Coherent 110 110.8 137.0 166.5] 176.0] 176.0 | 198.5 -f.“ ‘
TACT Semicoherent .
and Incoherent 110 110.0 137.0 166.5] 176.0] 177.0| 198.5 '_(,'
PARKA 113
[ ]
FACT Coherent 115 109.5 138.5 166.0 >200 |
emicoherent o] ‘
and Incoherent 115 138.5 166.0] 176.0] 176.5 | >200 il
PARKA 120 .
."‘3
FACT Coherent 120 140.0 165.0 » 200 :‘.T:
emiconerent a0
and [ncoherent 120 139.0 165.0| 176.0| 176.5| >2¢1
w0
)
la. All detection ranges in kilometers. ;-]
1b, Range nccuracy is & 0.25 km,
2. FACT PLYD coherent results have been smoothed by s 2 km running average. ':-':

]

3. ZDC = Zonal Deteetion Coverage (percent for which the FOM is greater than the propagation loss over the indicated
mnge interval),

ARE.
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(C) Figure 1IC-2. Bottom Loss Versus Grazing Angle, FNOC 3,
Frequency = 50 Hertz
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(C) Figure 1IC-3. Bottom Loss Versus Grazing Angle, FNOC 3,
Frequency = 400 Hertz
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N
A (C) Figure IIC-4. Bottom Loss Versus Grazing Angle, MGS 6, \
& Frequency = 50 Hertz ]
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(C) Figure IIC-5. Bottom Loss Versus Grazing Angle, MGS 6,
Frequency = 400 Hertz
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" Appendix ID. (U) Accuracy Assessment of FACT PLID
Compared to BEARING STAKE Experimental Data

BEARING STAKE (U)
Environment (U)

(C) The sound speed profile for station
1B, run P1l, is given in Figure IIDI.
This profile is characterized by a broad
daep sound channel, the breadth evi-
denced by a variation of 1 m/sec from
1500 m to the deep channel axis at
1725 m and a 1 m/sec increase to approx-
mately 2000 m. This profile is severely
bottom limited.

(C) The bottom loss versus grazing angle
for this environment is given in Figures
IID2-1ID4 and Tables IID1I-IID3 for 25,
140 and 290 Hz. In all cases the loss is
0 dB at 0 degrees and 11.2 dB at normal
incidence. At 5 degrees, the losses at
25, 140 and 290 Hz are 0.15, 0.73, and
1.27 dB, respectively; at 15 degrees,
the values are 0.58, 1.83, and 3.15 dB.
These experimentally determined bottom
losses are lower than either the FACT
internally stored values for a Type 1
area designator, the lowest loss rou-
tinely available to this model.

Test Cases (U)

(C) Station 1B, Run Pl consists of 12
cases as follows:

CASE  SOURCE RECEIVER FREQUENCY
DEPTH (m) DEPTH (m) (Hz)
1 51 496 25
11 91 1685 25
111 91 3320 25
IV 91 3350 25
v 18 496 140
VI 18 1685 140
VII 18 3320 140
VIII 18 3350 140
1L 18 496 290
X 18 1685 290
XI 18 3320 290
XTI 18 3350 290
CONFIDENTIAL

(C) In all cases the source is relative-
ly shallow at either 18 or 91 m. Recelv-
er depths are somewhat distributed over
the water column with the deepest re-
celver on the bottom. The maximum range
of the experimcntal data is 286 km. The
FACT PL9D model, due to a 250 point max-~
imum dimension, was run to a maximum
range of 250 km to maintain a uniform
spacing between polnts of 1 km. The
Bearing Stake data for these cases are
plotted in Figures IID5-IID16. The Bear-
ing Stake eaxperimental data exhibited
substantial fluctuations and, in order
to compare mean levels of model and ex-
perimentai results, the experimental
data were smoothed by applying a running
average over &8 2 km window. The smoothed
experimental duta, for the 12 cases, are
glven in Figures IID17- IID28.

Accuracy Assessment Results (U)

(U) The accuracy assessment procedures
were followed as outlined in section 1.1
and described in detail in section 5 of
Volume I of this series. The following
figures were produced for each case: (1)
FACT PLI9D output using the semicoherent
option, (2) the semi-coherent result
subtracted from the smoothed Bearing
Stake data. In all cases, the coherent,
semicoherent, and incoherent coherence
options provided the same output re-
sults. The results were generally smooth
and szny further smoothing of the model
outputs would have been superfluous. The
model results and the differences be-
tween the smoothed experimental data and
the FACT PL9D model results are given
(in pairs) in Figures IID29-IID52. The
means and standard deviations of differ-
ences between the smoothed Bearing Stake
data and the FACT PL9D model results are
given in Table IID4. It is {important,
however, to quantify the effect upon the
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statistics of the 2 km running average
(equivalent to a sonar system with a 5
miuute averaging time detecting a 12
knot submarine opening or closing on
own-ship at 0 degrees or 180 degrees,
respectively) as compared to no averag-
ing. Differences between the unsmoothed
(1.e., raw) Bearing Stake data and the
FACT PLO9D results were calculated. In
general, the means for the unsmoothed
results are about 0.2 dB greater (i.e.,
more positive) than those for the
smoothed Bearing Stake data and the
standard deviation is approximately 1 dB
less. The difference in the two mean
values is of an insignificant amount.
The difference of the standard devia-
tions, although not great, 1is signifi-
cant and is clearly in the proper direc-
tion. The overall effects of smoothing
the experimental data were consistent
and not very great.

(C) The Bearing Stake experimental data
H did not have clearly definable regions,
N although some near-field interference
patterns are in evidence. It was for
this reason that the means and standard
deviations are calculated over the en-
tire range extent (the 250 km of the
model results). As shall be shown below,
this choice was not very useful and an
arbitrary set of intervals such as 0-23,
25-50, 50-100, 100-200, >200 km would
have been more useful. Conclusions based
upon viewing the difference curves fol-
low: (a) Case I: Difference curves
oscillate between negative and positive
values to 170 km after which all values
are negative. Between 0 and 150 km there
is an overall tendency to go from posi-
tive to negative difference (approxi-
mately -6 dB/150 km after eliminating
the fluctuations). (b) Case II: Charac-
terized by the same overall trend of
differences becoming increasingly nega-
tive with range. Here, it 1s estimated
that over the first 50 km 2 u=~0 dB and
o=~2 dB would be obtained. Past 200 km,
a mean of approximately 7 dB is found
with a standard deviation of 2-3 dB. (c)
Case II1: With occasional exception dif-
ferences are essentlally negative at a
median level of -7 dB. “here is no basic

range dependence for this case. (d) Case
IV: The differences rise (in terms of a
running mean) from O to about 5 dB over
the first 150 km and rise slowly from =~7
to ~8 dB over the next 100 km. The
standard deviation of 3 dB found in the
table 1s essentially constant over the
250 km interval. With one exception all
differences are positive past 100 km.
(e) Case V: The differences show a con-
tinuing trend from positive to negative
over the 250 km extent the rise being
11 dB/150 km over the first 150 km. All
differences are positive past 140 km,
(f) Case VI: Mean differences go from
positive to negative with increasing
range, the transition being at about 60
km. A steady state mean difference of
=-5 dB 13 reached after 185 km. (g) Case
VII: The overall plus to mirus trend in
differences 1is repeated but more rapidly
(all differences past 62 km negative).
This case is replete with large fluctua-
tions as evidenced by the overall stand-
ard deviation of 5.2 dB. (h) Case VIII:
Essentially the same as Case VII. (1)

Case IX: Once again the positive-to-
negative trend 1in differences. Differ-
ences negative to 50 km; oscillatory

negative to positive 50-140 km; positive
past 140 km. (3) Case X: Similar behav-
ior to Case IX but transition ranges are
approximately 80 and 145 km. Marked
"increase” in negative values observed
toward end (»210 km) of record. (k) Case
XI: The most extreme case of the posi-
tive to negative trend - overall range
in differences 25 dB. Reasonable agree-
ment between 100 and 135 km. (1) Case
XII: Basically the same form as Case XI
but somewhat attenuated. Basic agreement
area 85-135 km.

(C) Two basic conclusions may be reached
upon comparing the Bearing Stake experi-
mental data with FACT PLI9D model results
(1) The model fails to capture, at all
raages and, regardless of coherence op-
tion chosen, the Dbasic fluctuating
nature of the experimental data (all
coherence optlions yielded the same
values). This suggests a close examina-
tinn of the FACT coherence logic, par-
ticularly in Bearing Stake type
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enviromments. (2) The basic trend of the
disagreements 1s that the differences go
from positive at short range to negative
at long range (the overall statistical
effect being an emphasis of the negative
differences). It appears that at great
range, an even smaller bottom loss than
that measured would be necessary to
bring the model into agreement with mea-
sured data. But what of shorter ranges
where the experimental data has less
loss than the model results? The answer
may lie in the treatment of coherence.
The resolution of this matter bears
further investigation. We now turn to
the effect of these differences on
detection range as a function of figure
of merit. The results of this analysis
are contained in Tables IID5-1IID16. The
results cited above are generally repli-
cated in the FOM analysis, i.e., the
FACT PL9Y9D mod=l gives longer continuous
detection ranges (i.e., range to which
detection opportunity is 100Z), but be-
caugse of fluctuations, the experimental
data gives longer zomal coverage. The
experimental data generally predicts de-
tections at longer ranges than would be
concluded from examining the model re-
sults.
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(C) Table IID-1. Bearing Stake Station 1B, Run P1. Bottom Loss (dB)
versus Grazing Angle (degrees). Frequency = 25 Hertz.

cw
.

BL | e | BL Q- g
0
1] 0.05|16] 0.70{ 31 4.80 | 46 | 10.45 | 61 | 11.20 | 76 | 11.20 E‘
2 | 0.075| 17| 0.85 | 32 5.60 | 47 | 10.50 | 62 | 11.20 | 77| 11.20 ;
3] 0.10| 18] 1.00] 33 6.20 { 48 | 10.60 | 63 | 11.20 | 78 | 11.20 a
4 0.5 | 19]| 1.10] 34 6.90 | 49 | 10.70 | 64 | 11.20 | 79| 11.20
51 0.20 | 20| 1.30 | 35 7.60 | 50 | 10.75 | 65 | 11.20 | 80 | 11.20 ﬁj
6 {025 |21 1.50| 36 8.20 | 51 | 10.80 | 66 | 11.20 | 81| 11.20
710.30 | 22| 1.60| 37 8.90 | 52 | 10.90 | 67 | 11.20 | 82| 11.20 R
8| 0.35 | 23| 1.70| 38 9.70 | 53 | 10.95 | 68 | 11.20 | 83 | 11.20 B3
9| 0.40 | 24| 2.00f 39 | 10.10 | 54 | 11.00 | 69 | 11.20 | 84| 11.20 -
10 | 0.45 | 25| 2.20] 40 | 10.15 | 55 | 11.05 | 7o | 11.20 | 85| 11.20 i
11 | 0.50 | 26| 2.60) 41 | 10.20 | 56 | 11.10 | 71 | 11.20 | 86| 11.20
12 | 0.55 { 27| 2.80| 42 | 10.25 | 57 | 11.15 | 72 | 11.20 | 87| 11.20 B
13 | 0.60 [ 28| 3.20]| 43 | 10.30 | 58 | 11.20 | 73 | 11.20 | 88| 11.20
14 | 0.58 | 20| 3.50| 44 | 10.35 | 59 | 11.20 | 74 | 11.20 | 89| 11.20 E
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(C) Table IID-2. Bearing Stake Station 1B, Run Pl1. Bottom Loss (dB)
versus Grazing Angle (degrees). Frequency = 140 Hertz,

an £ wuD

I

e |[BL |o |BL | e | BL e | BL e | BL e | BL Y
0| 0.00] 15} 1.83} 30 4.13 45 10.43 60 11.20 75 11.20 b\:
0.13] 16| 1.83} 31 4.33 46 10.53 61 11.20 76 11.20 =

0.33] 171 1.83| 32 4.63 47 10.63 62 11,20 717 11.20
0.53| 18| 1.91} 33 5.03 48 10.73 63 11.20 78 11.20
0.791 19| 2.13} 34 5.63 49 10.74 64 11,20 79 11.20
0.93 ] 20§ 2.23| 35 6.23 50 10.83 65 11.20 80 11.20
1.18 ] 21| 2.33| 36 6.93 51 10.84 66 11.20 81 11.20
P 1.33 | 22) 2.43 | 37 7.53 52 10.85 67 11.20 82 11.20
1.53 | 23| 2.63 | 38 8.13 53 10.86 68 11.20 83 11.20
: 1.53 | 24| 2.83| 39 8.63 54 10.92 69 11.20 84 11.20
: 10 | 1.68 | 25| 2.93| 40 9.13 55 10.93 70 11.20 85 11.20
111 | 173 | 26| 3.23| 41 9.63 56 10.94 71 11.20 86 11.20
12 | 1.78 } 27 | 3.33 | 42 10.13 57 11.01 72 11.20 87 11.20
13 | 1.83 | 28 | 3.63 | 43 10.23 58 11.02 73 11.20 88 11.20
14 | 1.83 | 29| 3.83 | 44 10.33 59 11.03 74 11.20 89 | 11.20

~
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(C) Table IID-3.

Bearing Stake Station 1B, Run PIl.

versus Grazing Angle (degrees).

Bottom Loss (dB)
Frequency = 290 Hertz.

CONFIDENTIAL

0 6.37 45 11.20
1027 16| 3.18 | 31 6.57 46 10.87 61 11.20 76 11.20
2| 0,67 17| 3.19 ] 32 6.77 47 11.07 62 11.20 (A 11,20
3] 0.97 ] 18| 3.37} 33 6.97 48 11.20 63 11.20 78 11.20
4 | 1.27 | 19 ] 3.57 | 34 7.47 49 11.20 64 11.20 79 11.20
5| 1.57 | 20} 3.77| 35 7.97 50 11.20 65 11.20 80 11.20
6! 1,87 21 ] 3.97}| 36 8.27 51 11.20 66 11.20 81 11.20
71 2.°7 | 22| 4.19| 37 8.67 52 11,20 67 11.20 82 11.20
8 | 2,37 { 23| 4.57| 38 9.27 53 11.20 68 11.20 83 11.20
9| 2.47 | 24| 4.77| 39 9.67 54 11.20 c9 11.20 84 11.20
10 | 2.67 | 25| 5.17 | 40 9.77 55 11.20 70 11.20 85 11.20
11 | 2,77 | 26| 5.37| 41 9.97 56 11.20 1 11.20 86 11.20
12 | 2.87 ) 27| 5.67 | 42 10.17 57 11.20 72 11.20 87 11.20
131 3.07 | 28] 5.97| 43 10. 27 58 11.20 73 11.20 88 11.20
14} 3.15 | 29| 6.17 | 44 10.47 59 11.20 74 11.20 89 11.20
CONFIDENTIAL
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(C) Table IID-4.

Means and Standard Deviations of Differences Between
Bearing Stake Data Smoothedl and FACT PL9D2 Model Results.

P T LI R TR N T S TR TR TR U TR TR TR A TS TR TR D TATA MR TP O T MK T M T T TN R S E W WS TSN L, 'f.‘-"."-'."d_'.f":j‘]

l?( LAl ".

v

0517

A ‘
| Source Receiver ua
Station | Run | Depth (m) | Depth (m) | Frequency (Hz) M (dB) o (dB) ."_::j
| g 1B Pl 91 496 25 -2.5 4.5 o
1B P1 91 1685 25 -3.6 3.9 !!
E 1B P1 91 3320 25 -5.0 4.5
‘ 1B P! 91 3350 25 -4.9 3.2
B 1B P1 18 496 140 -2.4 4.9 ;ﬁ
1B P1 18 1685 140 -2.4 3.4 o
@ 1B P1 18 3320 140 -5.0 5.2 \3
1B P1 18 3350 140 -4.6 5.0 v
‘-_ 1B Pl 18 496 290 -2.0 5.1

PA 1B Pl 15 1685 290 -1.3 5.0

‘ 1B P1 18 3320 290 -0.8 6.5

B 1B P1 18 3350 290 -0.8 6.0

1. Smoothed by application of a 2km-window running average.

2.

AP

P

" o .
AL A

,li__:

All FACT PL9D results identical - independent of phase option chosen.
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(C) Table IID-5. Detection Range in km as a Function of ‘h\ j

S

Figure of Merit (FOM) in dB for
Bearing Stake Datal and FACT PLSD Model? Results
(Station 1B Run P1, Source Depth = 91 m,
Receiver Depth = 496 m, Frequency = 25 Hz)

e -

e
Data Set FOM Rc3 Range)Rc tﬂ
Bearing Stake| 75 | 5.5 |zpc? 158, 5.5-31 km. o
FACT PLOD| 75 | 7 _

Bearing Stake| 80 6 ZDC 50%, 6-32 km. 2ZDC 5-10%, 32-90.5 km.
FACT PL9D | 80 25.5
Bearing Stake| 85 6.5 1ZDC 65%,6.5-98 km. ZDC 15%, 90.5-175 km.
FACT PL9D | 85 61
Bearing Stake| 90 65.5 | ZDC 85%,65.5-150 km. ZDC 30%, 150-243 km.
FACT PL9D | 90 99.5

100% coverage (except for dropouts at 76 & 168 km)

Bearing Stake| 95 | 76 1, 935 km, ZDC 85% 235->287 km.

FACT PL9D | 95 227

100% coverage (except for dropouts at 76 & 168 km)

Bearing Stake| 100 [ 77 | "0 220

FACT PL9D| 100 |> 287

Bt

&

{

3

!
B

Y
1

1. Smoothed by running average with 2 kilometer window.

-
-

2. Coherent, semi-coherent and incoherent results were identical; no smoothing
was used. -

Bl
B oo

3. R c " Range to which detection coverage is continuous. -

3n

-

.
e,

4, ZDC - Zonal DNetection Coverage in percentage of range interval over
which detection can be made.

.
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(C) Table IID-6. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Pearing Stake Data* and
FACT PL9D Model“ Results
(Station 1B, Run P1, Source Depth = 91m,
Receiver Depth = 1685 m, Frequency = 25 Hz)

,&

ks

R

3

Data Set FOM Rc

Range > Rc

A5 ]
wiA | 7.7

Bearing Stake|75 | 12 |One small peak (1 point) at 19 km. K1

18 D

FACT PL9D 75 12.5

&=

Bearing Stake|[80 | 13 | zbc? 708, 13-44 km.

FACT PLS9D 80 23

. ZDC 95%, 25-66 km; ZDC 50%, 66-119 km;
Bearing Stake|85 | 25 | ,pc 154’ 119-199 km.,

FACT PL9D 85 56

ZDC 95%, 75 - 149 km; ZDC 60%, 149-196 km;
Bearing Stake|90 | 75 | nc 108 196 - 186 km.

FACT PL9D 90 94

- 2

Bearing Stake| 95 76 ZDC 95%, 76 - 256 km; ZDC 80%, 256 ->287 km.

b4 2%

FACT PLOD |95 | 193.5

R 100% coverage (except for dropouts at 76.5 and
Bearing Stake| 100 | 76.5 167.5 km) to>287 km.

FACT PL9D 100 |>287

1. Smoothed by running average with 2 kilometer window.

3 =B 53

s

2. Coherent, semicoherent, and incoherent results were identical; no smoothing

was used. f

3 - - s conti £
A 3 Rc = Range to which detection coverage is continuous. S
- e
; 4. ZDC = Zonal Detection Coverage in percentage of range interval over o

@ which detection can be made. o
o~
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(C) Table IID-7. Detection Range in km as a Function of Lo
Figure of Merit (FOM) in dB for Bearing Stake Datal and
FACT PL9D Model? Results.
(Station 1B, Run P1, Source Depth = 91m, (K
Receiver Depth = 3320 m, Frequency = 25 Hz)
e
Data Set FoM| R 3 | Range> R i
c c ‘:
-
Bearing Stake|75 |5 zpc? 85%, 5 - 32 km. ¥
FACT PLOD |75 | 12.5 El
S
Bearing Stake| 80 6 ZDC 90%, 6 - 71.5 km.

FACT PL9D 80 29

ZDC 65%, 75 - 140 km; ZDC 50%, 140 - 225 km;

Bearing Stake| 85 75 ZDC 20%, 225 - 286 km.

FACT PL9D 85 69.5

D .= =8

Bearing Stake| 90 75.5 | ZDC 90%, 75.5 - 286 km.
FACT PL9D 90 111 100% coverage 121 - 124 km.

. 100% coverage (except for dropouts at 76 & 168 km)
Bearing Stake{ 95 76 to >286 km.

FACT PL9D 95 221 100% coverage 232 - 242 km.

)

. 100% coverage (except for dropouts o* 76 & 168 km)
Bearing Stake| 100 | 76.5 to> 286 km.

e

FACT PL9D 100 |>286

1. Smoothed by running average with a 2 kilometer window.

2. Coherent, semicoherent, and incoherent results were identical; no smoothing ".f
was used. o
3. Rc = Range to which detection coverage is continuous. N
s

4. ZDC = Zonal Detection Coverage in percentage of range interval over
which detection can be made. <
ot
>4
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(C) Table IID-8. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Bearing Stake Datal and
FACT PL9D Model? Results.

(Station 1B, Run P1, Source Depth = 91m,
Receiver Depth = 3350 m, Frequency = 25 Hz)

3

Data Set FOM Rc

Range > R,

Bearing Stake|75 | 6 zpc? 958, 6 - 19 km.
FACT PL9D 75 13 100% coverage 19.5 - 21 km.
Bearing Stake| 80 35 ZDC 60%, 35 - 69 km; 100% coverage 87 - 90 km.

FACT PL9D 80 29
Bearing Stake| 85 80 ZDC 70%, 80 - 150 km; - ZDC 20%, 150 - 286 km.

1

FACT PL9D 85 68.5
Bearing Stake| 90 150 ZDC 90%, 150 - 286 km.

FACT PL9D 90 110 100% coverage 126 - 129 km.
Bearing Stake| 95 |>286
FACT PL9D 95 =286

1. Smoothed by running average with a 2 kilometer window.

2, Coherent, semicoherent, and inccherent results were identical; no smoothing
was used.

R ¢ = Range to which detection coverage is continuous.

xS
«w

4. ZDC = Zonal Detection Coverage in percentage of range interval over
which detection can be made.
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(C) Table IID-9.

Figure of Merit (FOM) in dB for Bearing Stake Datal and
FACT PLOD Model? Results.

(Station 1B, Run P1, Source Depth = 18m,
Receiver Depth = 496 m, Frequency = 140 Hz)

e B

Lo aat KN
e ey

Detection Range in km as a Function of

3
l 3 N
Data Set FOM Rc Rang'e>Rc o
ol
Bearing Stake| 75 5 i
FACT PLOD |75 | 5.5 o |
o
Bearing Stake|80 | 6 100% coverage 30.5 - 34 km. L
FACT PL9D 80 17.5 B
N
Bearing Stake|85 | 7 znc? 508, 7 - 41 km.
FACT PLOD |85 | 43.5 ﬁ
Bearing Stake| 90 8 100% coverage,l1l - 44 km; ZDC 55%, 44 - 115 km. )
FACT PLOD |90 | 75 o
Bearing Stake| 95 41 ZDC 75%, 41 - 150 km; ZDC 15%, 150 - 247.5 km. E
FACT PL9D |95 | 113 |
|
Bearing Stakej 100 136.51 ZDC 95%, 136.5 - 249 km. ;'.: 1
.
|
FACT PL9D 100 | 161
-
Bearing Stake| 105 | 251 | ZDC 90%, 251 - 286 km. @
FACT PL9D 105 | 236 .
t:"'? \
1. Smoothed by running average with a 2 kilometer window.
s
2, Coherent, semicoherent, and incoherent results were identical; no smoothing by
was used. -
3. R, = Range to which detection coverage is continuous. ;_:3
-
4. ZDC = Zonal Detection Coverage in percentage of range interval over -
which detection can be made. ’:l:
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(C) Table IID-10. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Bearing Stake Datal and
FACT PLY9D Model Results.

(Station 1B, Run P1, Source Depth = 18m,
Receiver Depth = 1685 m, Frequency = 140 Hz)

Data Set roM| B ° | Range>R_

Bearing Stake] 75 6.5 100% coverage, 8 - 10 km,

=3

FACT PLOD |75 | 10.5
Bearing Stake[80 | 11 | zpc? 25%, 11 - 21 km.
FACT PL9D |80 | 15.5

el

"7,

Bearing Stake| 85 15.5 | ZDC 45%, 20 - 48 km.
FACT PLS9D 85 20.5
Bearing Stake| 90 43.5 | ZDC 95%, 45 - 67 km; ZDC 25%, 67 - 115.5 km,

FACT PL9D 90 67.5

Bearing Stakej 95 129 ZDC 85%, 129 - 150 km; ZDC 20%, 150 - 216.5 km.

‘

FACT PL9D 95 106.5

ZDC 85%, 157.5 - 226.5 km; ZDC 20%, 226.5 -

Bearing Stake| 100 | 157.5 286 km

FACT PL9D 100 | 149 100% coverage 159.5 - 165 km.

Bearing Stake| 105 | 162 100% coverage (except 162 - 166 km) to>286 km.

FACT PL9D 105 | 222.5

azh

1. Smoothed by running average with a 2 kilometer window. ;

AL

Coherent, semicoherent, and incoherent results were identical; no smoothing
was used.

3. R e = Range to which detection coverage is continuous.

ZDC = Zonal Detection Coverage in percentage of range interval over
which detection can be made.
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(C) Table IID-11, Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Bearing Stake Datal and

FACT PL9D Model? Results.
(Station 1B, Run P1, Source Depth = 18m, ﬁ ‘
Receiver Depth = 3320 m, Frequency = 140 Hz) x

- -3}

A

3 =N
Date Set FOM|R_® | Range> R, o
Bearing Stake| 75 | ? znc? 508 to 18.5 km. m |
vy
FACT PL9D 75 12 100% coverage 18 - 20 km. e :
Besring Stake| 80 | 9 ZD<; ?9%, 9 - 20 km - 100% coverage 45 - 50 km. g
FACT PLOD |80 | 21 |
SON
Rearing Stake| 85 24 ZDC 50%, 24 - 84 km; ZDC 5%, 84 - 130 km. i':_',’ }
FACT PL9D 85 33.5 | 100% coverage 55.5 - 53.5 km. P ‘
. 100% coverage (except for dropouts at 24 & 59 km) ‘ ;
Bearing Stake| 90 | 24 1 ,,"141.5 km, - ZDC 15%, 141.5 - 215.5 km. ‘
FACT PL9D |90 ' 62.5 | 100% coverage 93.5 - 96 km. E
|
Bear.ig Stake| 95 141.5| ZDC 65%, 141 - 249 km. E l
FACT PLOD |95 | 102 | 100% coverage 131 - 137.5 km. |
Bearing Stake| 100 | 143 | zDC 15%, 143 - 286 km. F-j ‘
" ;
FACT PL9D 100 | 144 100% coverage 163 - 179 km, |
Bearing Stake| 105 | 253.5| 100% coverage (except from 253.5 to 256 km) to 286 km. B |
|
FACT F 9D 105 | 225 100% coverage 14 . ->150 km. .
1. Smoothed by running average with a 2 kilometer window.
2. Coherent, semicoherent, and incoherent results were identical; no smoothing ‘C
was used. T
3. R ¢ = Range to which detection coverage is continuous. g
4. ZIDC = Zonal Detection Coverage in percentage of range interval over -
which detection can be made. W
3
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(C) Table IID-12. Detection Range in km as a Function of
Figure of Merit (FOM) in dB for Bearing Stake Datal and

FACT PL9D Model? Results.
(Station 1B, Run P1, Source Depth = 18 m,

Receiver Depth = 3350 m, Frequency = 140 Hz).

I
BV N W S

-

]
Data Set FOM Rc3 Nange >Rc %1
Sl
T Bearing Stake|75 | ? znc? 504, 4 - 18 km. %
| FACT PL9D 75 12 100% coverage 18 - 19 km, ;
@ Bearing Stake| 80 10.5 | 100% coverage 12.5 - 20 km and 46 - 50 km. f_j
, FACT PL9D 80 20.5 ¥
::;‘ Bearing Stake| 85 30.5 | ZDC 50%, 30.5 - 57 km; 2ZDC 5%, 57 - 131.5 km. ::
ﬁ FACT PL9D 85 33 100% coverage 55 - 58 km,
Bearing Stake} 90 32 ZDC 75%, 32 - 100 km; - ZDC 50%, 100 - 148 km,
E? | FACT PLOD |90 |62.5| 100% coverage 93 - 96 km.
100% coverage (except 34 - 37 and 60 - 61 km)
Bearing Stake| 95 34 to 165 km; ZDC 50%, 165 - 233 km - ZDC 20%;
w 233 - 273 km.
2 FACT PL9D 95 101.5( 100% coverage 130.5 - 138 km.
Ej Bearing Stake| 100 | 254 ZDC 50%, 254 - 286 km.
!% FACT PL9D 100 | 143.5| 100% coverage 160 - 179 km.
- Bearing Stake| 105 | 255 100% coverage (except 255 - 258) to > 286 km.
% FACT PL9D 105 | 223 100% coverage 242 - > 250 km.
@ 1. Smoothed by running average with a 2 kilometer window. ﬂ

.

2. Coherent, semicoherent, and incoherent results were identical; no smootning

@ was used.

3. R, = Range to which detection coverage is continuous.

Ay
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s2aln
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oy 4. ZIDC = Zonal Detectionn Coverage in percentage of range interval over
which detection can be made.
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(C) Table IID-13. Detection Range in km as a Function of AN '
Figure of Merit (FOM) in dB for Bearing Stake Datal and = E
FACT PL9D Model? Results. !
(Station 1B, Run P1, Source Depth = 18m,
Receiver Depth = 496 m, Frequency = 290 Hz) o
:
Data Set roM| R * | Range>R_ T
bl
Bearing Stake| 75 4.5 m
‘.’(
bhoH
FACT PL9D 75 6 o E
Bearing Steke|80 | 5.5 o
ool
FACT PL9D 80 7
Bearing Stake| 85 8 zpct 25%, 8 - 37 km. N
FACT PL9D 85 35.5
. ZDC 90%, 23 - 44 km; 2ZDC 25%, 44 - 84 km, ﬁ
Bearing Stake| 90 23 ZDC 5%, 84 - 183 km.

FACT PLOD |90 | 45.5 | 100% coverage 70 - 72 km. 0

'~

NI & .

Bearing Stake| 95 50.5 | ZDC 70%, 50.5 - 90 km; ZDC 15%, 90 - 183 km.

2 <)

T O

FACT PL9D 95 83
Bearing Stakej 100 | 60.5 | ZDC 95%, 60.5 - 89.5 km; ZDC 60%, 89.5 - 208

o> ',
Py

e,
ol
» xR

FACT PL9D 100 | 121.,5]

Bearing Stake] 105 | 93 ZDC 90%, 93 - 163 km; ZDC T75%, 163 - 237.5

FACT PLSD |105 | 158 o

r;“ i

Bearing Stake| 110 | 173 ZDC 95%, 173 - 250 km; ZDC 35%, 258 - 286